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PREFACE. 

ASTRONOMY  is  a  fcience  which,  in  all  ages  and  countries  flourish¬ 
ing  in  arts  and  politenefs,  has  engaged  the  attention  of  the  curious: 
it  has  not  only  employed  the  pens  of  the  mod:  eloquent  orators  and  embel¬ 
lished  the  writings  of  poets  of  the  mod:  elevated  genius;  but  has  alfo  been 
cultivated  by  the  greated:  princes,  the  ableft  ftatefmen,  and  the  wifefl  philo- 
fophers;  as  will  appear  at  large,  when  we  come  to  look  into  the  hiftory  of  its 
rife  and  progrefs  in  feveral  parts  of  the  world. 

It  Should  not  indeed  be  diflembled,  that  the  great  inducement  to  fearch  in¬ 
to  the  nature  and  motions  of  the  heavenly  bodies  with  fuch  care  and  pains  as 
many  perfons  have  done  was  oftentimes  the  hopes  they  entertained  of  being 
thereby  enabled  to  gratify  a  darling  padion  of  human  nature,  the  defire  of 
looking  into  futurity:  how  mankind  came  firfl  to  give  into  this  opinion,  and 
how  groundlels  a  fancy  it  is,  will  appear  in  feveral  places  of  this  work:  not 
that  I  Shall  take  the  pains  profeffedly  to  Shew  the  vanity  of  judicial  ajlrolo - 
gy-j  this  has  already  been  done  Sufficiently  by  feveral  able  hands1:  I  fhall  on-  > 
ly  make  fome  Short  remarks  upon  it  as  occalion  offers  it  felf. 

It  is  not  much  to  be  wondred  at,  that  among  nations  abandoned  to  idolatry 
and  fuperffition,  or  immerfed  in  darknefs  and  ignorance,  it  Should  be  belie¬ 
ved  that  the  Ears  are  the  difpenfers  of  good  and  evil  to  the  inhabitants  of 
this  lower  world,  and  that  by  their  configurations  they  point  out  to  mankind 
which  of  thefe  two  is  to  be  expelled  from  their  influences;  but  it  feems  flrange 
that  fo  many  of  thofe  who  had  the  light  of  revelation  to  guide  them  have 
embraced  fo  abfurd  opinions. 

Idolatry  and  divination  were  of  great  antiquity  among  the  Egptiansb; 
the  Jews ,  by  their  long  flay  among  them  when  they  were  a  rich  and  flou- 
'  rifhing  people,  contra  died  a  great  fondnefs  for  their  iuperflitions:  after  their 
going  out  of  Egypt  into  the  promifed  land  they  were  to  be  lurrounded  by 
nations  addi&ed  to  various  kinds  of  idolatrous  and  luperftitious  practices;  there 
was  very  good  reafon  therefore  why  their  law  Should  lo  exprefily  forbid,  not 
only  all  idolatrous  worShip  in  general,  and  that  of  worshipping  the  hoft  of  hea¬ 
ven  in  particular,  but  all  kinds  of  divination  alio,  and  particularly  that  of 
obj'erving  times c,  or  enquiring  after  the  lucky  or  unlucky  moments  of  entring 

a  Cic.  de  divinatione  /.  2.  Favorinus  ap.  Gellium  l  14.  c.  l.  Sextus  Empiricus  adverfus  ajlrologos. 
Auguitin.  de  civ.  1.  5.  c.  1.  b  Exod.  8.  26.  Gen.  41.  8.  c  Lev.  19.  26.  Deut.  18.  10,  14. 
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upon  any  a&ion,  which  aftrologers  pretend  to  find  out  by  the  pofitions  of  the 
ftars  and  planets.  The  facred  hifiorians  tell  us,  that,  notwithfianding  thefe 
prohibitions,  the  Jews  frequently  fell  into  the  practice  of  the  former  of  thefe' 
abominations,  and  we  have  no  reafon  to  believe  they  did  at  thofe  times  keep 
clear  of  the  latter:  it  is  exprefily  recorded  of  ManaJJ'eh  that  in  the  beginning 
of  his  reign  he  was  guilty  of  both,  that  he  worjhipped  the  hofi  of  he  avert ,  and 
obferved  times a;  and  we  may  conclude  the  fame  of  his  people,  from  what  we 
are  told  in  general  terms,  that  he  made  'Judah  and  the  inhabitants  of  JcriiJ'a- 
lem  to  do  worfe  than  the  heathen b.  There  is  fuch  a  connection  between  ftar- 
worfhip  and  ftar-divination,  that  the  latter  of  thefe  has  with  great  probabi¬ 
lity  been  thought  to  owe  its  origin  to  the  former. 

It  has  been  obferved  by  fome,  that  the  Jews  were  never  guilty  of  idolatry 
after  the  Babylonifh  captivity:  but  it  is  certain  that  in  after  timyS  they 
gave  into  the  belief  that  the  ftars  and  planets  have  an  influence  upon  the  tem¬ 
pers  and  addons  of  men:  to  this  purpofe  there  are  feveral  paflages  in  the  tal - 
mud ,  wherein  it  is  faid  what  will  be  the  difpofition  and  circumftances  of  life 
of  a  man  born  under  fuch  or  fuch  a  planet c:  and  though  the  wifeft  of  them 
decry  fuch  notions,  as  indeed  wife  men  of  all  times  and  places  have  done,  yet 
we  find  one  of  their  Rabbinsd  wrote  a  treatife  of  judicial  aftrology,  and  ano¬ 
ther6  foretold  the  coming  of  their  Mefiiah  would  be  A.  D.  1464,  becaufe  then, 
as  he  pretended  to  find  by  his  calculations,  the  heavenly  bodies  would  be  in 
the  fame  date  as  they  were  at  the  time  of  the  giving  of  the  law.  To  mention 
no  more,  their  attachment  to  this  fuperftition  fufficiently  appears  by  a  fay¬ 
ing  common  among  them  to  a  proverb,  that  every  thing  depends  upon  the Jiars 

As  to  the  primitive  C6r^/d;w,judicial  aftrology  isby  good  interpreters  thought 
to  be  one  of  thofe  curious  arts  whereof  fome  of  the  firft  converts  fhewed  their 
deteftation,  by  burning  their  books  in  great  numbers,  and  to  a  confiderable 
values:  however  that  be,  it  is  condemned  by  fome  of  the  moft  ancient  fa¬ 
thers11:  afterwards,  when  the  Chriftian  religion  had  obtained  the  fupport  of 
the  fecular  power,  we  find  aftrologers,  who  had  been  banifhed  Rome  by  fome 
heathen  Emperors1,  ranked  in  the  fame  clafs  with  apoftates,  facrificers  to 
idols,  magicians,  enchanters  and  dealers  in  witchcraft;  and  together  with  them 
threatned  by  the  canons  of  the  church  with  excomunicationk:  and  by  the 
imperial  laws  with  death1.  This  denunciation,  we  may  fuppofe,  for  fome 
time  at  leaft,  very  much  difcouraged  the  practice  it  was  levelled  at;  but  in 

a  2  Kings  21.  b  2  Chron.  33.  9-  c  Buxtorf.  Jlorileg.  Hebraic,  tit  Sydera.  d  Aben  Ezra. 
c  Abraham  didlus  Princeps  apud  Picum  difput.  in  afirolog.  1.  5 .  c.  1  2.  t  Buxtorf.  ubi  fupra.  g  Adts  19.  19. 
h  Pertullian.  de  idololatr.  9.  Bardeianes  &  Origenes  ap.  Eufeb.  pr&p.  1.  6.  i  Sueton.  in  Tiber.  &  Vucll. 
k  Concil.  Lao  die.  can.  36.  <v.  Photii  nomocan.  1  cod.  1.  9.  tit.  18.  de  malefcis  et  mathematicis . 
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the  fucceeding  ages  of  barbarifm  and  ignorance,  and  efpecially  after  the  Eu¬ 
ropeans  became  acquainted  with  the  learning  of  the  Arabians,  aflrology  pre¬ 
vailed  fo  much  that  in  the  14th  century  that  great  genius  Ficus  Earl  of 
Mirandola  wrote  againft  it,  and  that  in  a  very  maflerly  manner;  expofing, 
with  great  learning,  acutenefs  and  ftrength  of  reafoning,  the  vanity  of  all  die 
rules  of  that  pretended  art:  the  aftrologers  publiflied  anfwers  to  Ficus:  fome 
of  them  boaft,  as  a  full  evidence  of  the  truth  of  their  art,  that  the  death  of 
that  incomparable  perfon  happened  according  to  their  predictions;  one  of 
themais  faid  to  have  foretold  that  he  fhould  dye  in  the  33d  year  of  his  age: 
another b  tells  us  three  aftrologers  had  pronounced  he  would  not  live  to  fix 
and  thirty,  and  that  this  provoked  him  to  write  againft  them:  the  truth  is 
this,  Ficus  dyed  in  his  32b  year;  now  if  they  really  came  thus  near  the  faCt 
as  is  pretended,  and  thofe  predictions  were  not  trumped  up  after  the  event, 
which  is  often  the  cafe,  it  did  not  require  any  great  fagacity  to  guefs  that  fo 
extraordinary  a  perfon  as  Ficus ,  of  fo  much  fire  and  fo  great  application, 
would  be  fhort  lived:  perhaps,  if  they  had  found  he  was  likely  to  prove  them 
falie  prophets,  he  might  have  been  in  fome  danger  of  having  his  life  fhort- 
ned  by  them;  this  is  no  more  than  what  the  famous  Cardan  is  faid  to  have 
pra&ifed  upon  himfelf,  who  having,  calculated  his  own  nativity,  and  found 
in  what  year  of  his  age  he  fhould  die,  flarved  himfelf  to  death,  to  verify  the 
prediction c. 

That  aftrologer  pretends  to  out  do  all  that  went  before  him  in  calculating 
nativitiesd;  he  tells  us  he  bellowed  an  hundred  hours  upon  that  of  our  Ed¬ 
ward  the  6th.  from  which  he  foretold  feveral  fickneffes  which  would  attack 
him  in  the  34th  and  55th  year  of  his  age;  whereas  that  hopeful  prince  did 
not  outlive  his  fixteenth  year.  It  is  pleafant  enough  to  fee  how  Cardan  en¬ 
deavours  to  bring  himfelf  off  after  this  event:  he  fays  he  will  not,  like  fome 
other  aftrologers,  pretend  that  he  knew  what  would  happen,  and  kept  it  to 
himfelf  only  out  of  fear;  but  that  he  had  omitted  fomething  in  his  calcula¬ 
tion,  which,  if  he  had  gone  through  it,  as  he  might  have  done  in  half  an  hour 
more,  would  have  fhewed  him  that  the  King  would  be  in  great  danger  of 
death  in  his  1 6  th  year:  that  he  looked  upon  this  omiflion  as  a  piece  of  good 
fortune  to  himfelf,  on  account  of  the  great  danger  fuch  a  prediction  might 
have  brought  him  into,  when  he  was  at  the  Englilh  court:  and  he  mentions 
two  aftrologers  to  whom  foretelling  the  untimely  death  of  princes  had  pro- 

a  Bellantius  ap.  GafTendum  de  fyderum  ejfedlibui  prope  Jinem.  b  Gauricus,  v.  Elogia  Pici  ejus  ope - 
rib  prejixa.  c  Gaifendus  ubi  fupra.  d  comment,  in  Ptolem.  et  in  lib.  geniturar .  Cardan 

pretended  to  calculate  the  nativity  of  J efus  Chrifi ,  and  to  deduce  from  thence  the  nature  and  duration  of 
the  Chriitian  religion;  others  have  been  guilty  of  the  like  prelumption:  fee  Bajle' s  di£t.  art.  Cardan. 
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ved  fatal.  This  was  not  the  only  time  Cardan  was  out  in  his  predictions:  I 
believe  it  would  not  do  him  much  wrong,  to  apply  to  him  what  he  fayshim- 
felf  of  the  generality  of  adrologers,  that  we  Jhould  be  in  the  right  to  ex¬ 
pend  events  juft  contrary  to  what  they  foretell.  In  the  laft  century  judicial  adro- 
logy  was  again  attackt  by  the  learned  Gajfendus:  this  was  no  unnecedary 
work;  for,  notwithdanding  what  Picus  had  written,  it  continued  to  be  in 
great  vogue,  not  only  in  Italy,  where  it  was  patronized  by  Popes,  Cardinals, 
and  many  of  the  petty  Princes;  but  in  other  parts  of  Europe  alfo. 

But,  how  vain  foever  their  pretenfions  be  who  would  perfwade  us  they  can 
read  future  events  in  the  dars,  aftronomy  dill  deferves  to  be  cultivated  with 
the  greated  application,  as  it  is  one  of  the  nobled  branches  of  natural  philo- 
fophy;  whether  we  condder  the  dignity  of  the  fubjeCt,  the  certainty  which 
we  are  able  to  arrive  at  in  many  parts  of  it,  or  its  ufefulnefs  in  civil  life. 

As  to  the  fird  of  thefe,  the  adronomer  has  for  the  fubjeCt  of  his  lpecula- 
tions  the  whole  univerfe  of  material  beings:  he  confiders  the  nature  of  matter 
in  general,  and  enquires  by  what  laws  the  feveral  parts  of  matter  acd  upon 
one  another:  but  his  thoughts  are  more  particularly  employed  about  thofe 
great  bodies  that  compofe  the  vidble  fydem  of  the  world,  which  are  in  com¬ 
mon  lpeech  comprehended  under  the  appellation  of  the  fun  moon  and  ftars. 
He  finds  the  magnitude  of  thefe  to  be  vadly  greater  than  is  commonly  ima¬ 
gined:  he  is  able  to  demondrate,  that  very  few  of  them  are  fo  fmall  in  bulk  as 
the  earth  we  live  upon ;  and  that  much  the  greater  part  of  them  far  exceed 
it  in  dimenfions:  that  the  fun  appears  fo  fmall  as  he  does,  by  reafon  of  his 
great  didance  from  us;  whereas  in  reality  he  is  in  magnitude  equal  to  a  mil¬ 
lion  of  our  earths:  he  difcovers  that  there  are  feveral  other  earths,  fome  of 
them  much  larger  than  ours,  which  receive  heat  and  light  from  the  fun,  are 
carried  round  him  with  prodigious  velocities,  and  may  probably  be  inhabi¬ 
ted  by  various  creatures  both  rational  and  irrational:  he  knows  that  the  dars 
which  feem  to  be  fo  thick  fown  in  the  firmament  are  at  immenfe  didances  from 
one  another,  as  well  as  from  us:  he  has  proofs  to  fiiew,  that,  how  fmall  foe¬ 
ver  they  appear  to  us,  they  are  really  very  large  bodies,  many  of  them  not 
inferior  to  the  fun  in  magnitude;  and  that  there  is  therefore  reafon  to  believe 
.they  may  ferve  for  the  like  ufes,  of  giving  light  and  heat  to  habitable  earths 
with  which  they  are  environed:  his  glades  diew  him  a  prodigious  number  of 
dars  which  by  reafon  of  their  vad  didances  from  us  are  invilible  to  the  un- 
afiided  eye:  and,  the  better  his  glades  are,  the  greater  is  the  number  of 
dars  thus  difcovered:  this  makes  it  real'onable  to  conclude  that  there  is 
dill  an  innumerable  multitude  of  them  didufed  through  the  immenfity  of 
fpace,  beyond  the  reach  of  any  glades  that  can  ever  be  made.  How  magnifi¬ 
cent 


PREFACE.  yii 

cent  an  idea  does  this  give  us  of  the  univerfe,  in  comparifon  of  what  it  ap¬ 
pears  to  an  ordinary  fpe&ator,  who  looks  upon  the  ftars  only  as  groupes  of 
glittering  fpangles  fixed  by  way  of  ornament  in  the  vaulted  roof  of  heaven, 
or  as  lb  many  little  lamps  lighted  up  there,  for  no  other  ufe  than  to  fend  a 
faint  glimmering  upon  the  earth,  of  lefs  fervice  to  the  inhabitants  thereof  than 
the  light  which  the  moon  alone  furnifhes  them  with? 

The  pride  of  man  is  apt  to  make  him  fancy,  that  all  things  were  made  for 
his  ufe:  he  has  indeed  a  dominion  given  him  over  thofe  works  of  God  which 
are  within  the  limits  of  the  earth  and  feaa,  but  it  reaches  no  farther:  the 
Pfalmift,  when  he  contemplated  the  heaven,  and  the  luminaries  thereof,  the 
fun,  moon,  and  ftars,  the  handy  work  of  the  great  Creator  of  all  things,  which 
he  has  difpofed  and  fet  in  order  in  fo  much  beauty  and  perfection,  was  fo 
far  from  thinking  that  all  thefe  glorious  beings  were  created  for  the  fervice  of 
man  only;  that  he  is  humbled  into  an  admiration  of  the  great  condefcenlion 
of  the  author  of  fuch  wonderful  works,  that  he  fhould  vouchfafe  to  call  an 
eye  of  regard  upon  man,  and  make  him  the  objeCt  of  his  favour  b. 

It  is  an  obfervation  of  a  philofopherc  that  mathematical  lbiences  have  a  ten¬ 
dency  to  purify  the  foul:  the  aCtive  principle  within  us  mull  have  fome  em¬ 
ployment;  if  it  be  taken  up  with  abftrufe  {peculations,  it  will  be  lefs  attache 
to  fenfual  pleafures;  but,  if  we  go  no  farther  than  that,  we  may  fall  very 
fhort  of  adting  up  to  the  dignity  of  a  reafonable  nature:  in  order  to  this,  we 
mull  carry  on  our  contemplations  of  the  frame  and  conllitution  of  the  uni¬ 
verfe  to  their  proper  mark,  fo  as,  from  beholding  the  wonders  of  the  crea¬ 
tion,  to  be  brought  to  adore  the  wifdom  power  and  goodnefs  of  the  Creator: 
there  is  indeed  no  part  of  the  creation  which  does  not  diplay  thefe  attributes 
to  an  attentive  mind;  though  an  unwife  man  doth  not  well  confider  this ,  and 
a  fool  doth  not  nnderjland  it:  but  the  heavens?  in  a  more  eminent  manner,  de~ 
dare  the  glory  of  God ,  and  the  firmament  jheweth  his  handy-work d:  in  this  di¬ 
vine  book,  the  moll  unlettered  may  find  enough  to  excite  their  admiration, 
though  it  will  difplay  the  greatell  wonders  to  thofe  who  perufe  it  with  the 
clofefi:  attention:  but  then  we  mull  take  care  always  to  approach  it,  as  we 
fhould  the  other  book  of  God,  the  holy  feriptures,  with  reverence  and  hu¬ 
mility  ;  not  having  too  high  an  opinion  of  our  own  abilities,  as  if  we  could 
with  the  line  of  human  reafon  fathom  all  the  depths  of  the  divine  counfels; 
but  thinking  fiber ly  as  we  ought  to-  think',  for  want  of  thefe  difpofitions,  fome 
men  read  the  feriptures,  and  become  teachers  of  new  doClrines,  departing 
from  the  fimplicity  of  the  primitive  faith;  others  philofophile  about  the  vi- 
fible  creation,  till  they  forget  the  invifible  creator;  till  they  become  materi- 

2  Pfal.  8.  6,  7.  b  Pfal.  8.  4.  c  Hierocles  in  aur.  earm.  Pythag.  d  Pfal.  19*  1  - 
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alifts  or  epicureans;  and  fancy  they  can  account  for  the  formation  and  pre- 
fervation  of  this  beautiful  frame  of  the  univerfe,  by  matter  and  motion;  or, 
at  beft,  only  confider  it  as  a  curious  machine,  without  ever  lifting  up  t  leir 

thoughts  to  the  adorable  author  and  Lord  of  all  things.  . 

As° to  the  certainty  of  this  noble  fcience,  there  are  many  things  therein 

which  though  to  an  ordinary  underftanding  they  feem  incredible,  or  beyond 
the  reach  of  human  (kill  to  know,  are  capable  of  ftndf  demon  ft  rat  ton;  wnen 
we  are  fpeaking  of  the  vaft  magnitude,  the  immenfe  diftance  of  fome  of  the 
heavenly  bodies,  and  the  prodigious  velocity  of  their  motions  a  man  unac; 
uuainted  with  the  methods  by  which  we  arrive  at  the  knowledge  of  thole 
matters  is  apt  to  think  it  all  conjedure;  whereas  we  go  a  great  way  in  thele 
f peculations  by  the  infallible  fteps  of  arithmetic  and  geometry. 

4  The  ignorant  vulgar  may  think  ft  a  trifling  and  unprofitable  employment, 
for  a  man  to  ipend  his  time  in  enquiring  into  the  nature  and  motions  o  the 
ftars;  but  the  ufejulnefs  of  aftronomy  will  quickly  appear, _  if  we  confider  what 
a  dependance  feveral  other  arts  and  fciences  have  upon  it:  without  aftrono¬ 
my  chronology  and  geography  would  be  more  impeded  than  they  are;  and, 
in  confequence  of  that,  bipry  would  be  liable  to  greater  uncertainty  than  it 
is.  Without  aftronomy,  we  ihould  be  <o  far  from  being  able  to  meafure  time 
fo  accurately  as  we  now  do,  by  the  help  of  lundials,  clocks,  and  watches j 
that  we  could  not  fo  much  as  divide  the  year  into  months,  or  know  the 
length  of  the  days  and  nights,  or  mark  out  the  feafons  exactly  enough  even 
for  the  purpofes  of  agriculture,  and  other  ufes  of  common  life.  Without  a- 
ftronomy,  all  intercourfe  and  commerce  with  diftant  nations  muft  ceale;  the 
failor  could  neither  know  the  fituation  of  the  place  to  which  he  is  bound, 
nor  be  able  to  find  the  way  to  it.  In  Ihort,  it  is  to  this  fcience  that  we  owe  the 
firft  attempt  to  difeover  America,  as  well  as  the  fuccefs  of  that  attempt,  and  it 
is  to  the  fame  that  we  are  beholden  for  the  means  of  failing  thither  with  fafe- 
ty  and  certainty,  to  fetch  home  the  riches  and  rarities  of  that  new  world. 

It  is  now  time  to  give  the  reader  fome  account  of  the  following  treatije , 
and  in  what  manner  I  have  handled  the  fubj eft  before  me:  my  propofals 
promifed  to  make  the  ftudy  of  aftronomy  ealy  to  perions  unacquainted 
with  mathematics  j  this,  I  hope,  it  will  be  thought  is  performed,  if  it  be 
made  much  eafier  than  was  ever  done  before:  in  order  to  this,  I  have  in  the 
introduction  explained  fuch  mathematical  terms  as  muft  be  made  ufe  of,  and 
fct  down  feveral  propofitions  to  which  reference  is  fometimes  made  in  the 
body  of  the  work:  fome  of  thefe  are  very  neceflary  to  be  previously  known, 
and  are  eafy  enough;  others,  which  are  more  difficult,  and  are  inferred  ei¬ 
ther  to  make  the  introduction  more  methodical,  or  for  the  lake  ol  thofe  who 
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have  a  mind  to  look  farther  into  the  fubjeCt,  are  diftinguifhed  from  the  reft 
by  a  full  point  placed  before  them,  as  may  be  feen  page  12;  14,  15,  &c, 
that  they  may  be  palled  over  by  fuch  readers  as  defire  only  to  have  a  general 
view  of  aftronomy:  my  intention  at  firft  was  to  have  diftinguiftted  the  more 
difficult  parts  from  thofe  eafy  to  be  underftood,  all  along  throughout  the 
work;  but,  upon  confidering  the  great  difference  there  muft  needs  be  in  the 
capacities  and  attainments  of  my  readers,  I  thought  that  improper:  only  I 
have  in  fome  places  thrown  the  moft  abftrufe  mathematical  demonftrations 
into  the  remarks ,  where  they  may  be  paffed  by  without  breaking  the  con¬ 
nection:  I  muft  however  take  notice,  that  the  remarks  are  not  all  of  this  fort; 
for  fome  of  them  are  philological,  as  thofe  upon  the  names  and  characters  of 
the  fun  and  planets,  book  2  chap.  3 ;  and  thofe  upon  the  figns  and  their  cha¬ 
racters,  book  2  c.  6:  others  are  explanations  of  or  additions  to  fomething  that 
went  before,  as  in  book  2  c.  14. 

As  for  thofe  readers  who  are  the  leaft  prepared  for  ftudies  of  this  fort,  I 
would  not  have  them  difcouraged  by  feeing  fchemes  of  lines  and  circles,  and 
fome  of  them  of  an  appearance  a  little  complicated ;  for  they  will  often  find 
them  to  be  no  more  than  pictures  or  perfpeCtive  views  of  the  heaven,  or  of 
the  routes  which  the  heavenly  bodies  are  fuppofed  to  take,  or  of  the  tracks 
wherein  they  appear  to  us  to  move.  The  line  which  an  arrow  or  a  bullet 
fhot  through  the  air  defcribes  may  be  drawn  upon  paper,  though  neither  of 
them  leaves  any  vifible  traces  behind  it;  in  the  fame  manner,  the  aftronomer 
reprefents  the  motions  of  the  heavenly  bodies:  and,  in  order  to  this,  he  is 
not  always  confined  to  the  earth,  and  the  profpeCts  which  he  has  from  thence; 
bur,  one  while,  he  fuppofes  himfelf  to  be  carried  to  the  fun,  and  confiders  in 
what  manner  our  earth  and  the  planets  would  from  that  point  of  fight  ap¬ 
pear  to  go  round  him:  at  another  time,  he  imagines  himfelf  to  be  an  inhabi¬ 
tant  of  one  of  the  planets,  and  from  thence  to  view  the  fun,  our  earth  and 
the  reft  of  the  planets:  and  fometimes,  when  he  has  beheld  the  vaft  concave  of 
the  heaven,  adorned  with  numberlefs  ftars,  his  imagination  tranfports  him  out 
of  the  confines  of  this  vifible  fyftem,  to  fome  point  at  an  immenfe  diftance 
from  it,  from  whence  he  takes  a  view  of  the  convex  of  this  imaginary  fphere: 
the  common  celejlial  globe  (hews  the  heaven  with  the  ftars  in  their  proper 
fituations  in  this  view:  the  glaj's  fphere ,  of  which  I  have  given  a  picture  for 
the  frontifpiece,  and  a  defcription  page  71,  has  a  reprefentation  of  the  fame 
fort,  on  its  outfide;  and  the  inner  concave  furface  of  it  fhews  how  the  ftar- 
ry  heaven  by  which  we  are  furrounded  appears  to  us.  This  machine,  which 
was  invented  by  me  above  20  years  ago,  as  is  well  known  to  a  great  number 
of  people,  has  iince  been  imperfectly  copied  by  feveral  perfons,  and  by  fome 
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of  them,  ignorantly  enough,  called  the  fphere  of  Archimedes:  it  feems  they 
had  heard  of  the  glafs  fphere  of  that  great  mathematician,  but  had  not  met 
with  thofe  authors  who  give  an  account  of  it;  if  they  had,  they  would  have 
found  it  very  different  from  mine.  I  have  fometimes  confidered  the  heaven 
as  a  fphere  of  glafs,  that  fo  any  circles  conceived  to  be  drawn  upon  it  might 
be  exhibited  entire;  this  will  be  found  a  great  help  to  the  imagination. 

It  will  not  be  amifs  to  inform  thofe  who  have  not  feen  my  agronomical 
apparatus  at  Pembroke  Flail  in  the  Univerfity  of  Cambridge,  that  I  have 
there  a  large  hoop  about  20  feet  in  diameter,  and  3  in  breadth,  whereon  are 
delineated  the  eonftellations  of  the  zodiac,  with  the  ecliptic  and  fuch  other 
circles  as  I  thought  proper:  fitting  in  the  midft  of  this  I  have  the  lame  view 
of  tilings  as  if  I  was  looking  at  fo  much  of  the  Harry  heaven  it  felf.  If  a  fphere 
of  thefe  dimen  lions  were  made  to  turn  round  a  ftage  whereon  the  fpedtators 
were  placed,  with  a  planetarium  or  Orrery  in  the  center;  molt  of  the  appear¬ 
ances  in  aftronomy  might  be  exhibited  thereby  in  a  more  eafy  and  familiar 
manner  than  has  ever  yet  been  done  by  fchemes  or  mechanifm.  I  Ihould  have 
been  glad  to  have  been  enabled  to  eredt  fuch  a  fabric,  for  the  fervice  of  the 
younger  part  of  the  univerfity  whereof  I  have  been  many  years  a  member; 
but  have  no  great  reafon  to  expedt  to  be  affifted  and  encouraged  in  fuch  an 
undertaking:  however  I  intend,  if  I  have  time,  to  leave  behind  me  a  model 
of  fuch  a  machine;  though  I  think  the  hint  I  have  here  given  is  enough  to 
diredi  any  ingenious  perlbn  who  underftands  aftronomy  and  mechanicks,  how 
to  execute  that  defign.  What  I  have  already  done  this  way  has  helped  to  fur- 
nifli  my  book  with  feveral  fchemes  which  will  be  found  entirely  new.  I  have 
in  fome  of  my  figures  trefpafted  upon  the  rules  of  perfpedtive,  by  fhewing  a 
little  more  than  the  eye  takes  in  at  one  view;  this  is  done  but  feldom,  only 
when  I  thought  I  could  thereby  convey  a  more  perfedt  idea  of  what  I  intend¬ 
ed  to  reprefent.  I  have  quoted  authors,  fometimes  as  vouchers  of  fadts,  fome¬ 
times  to  fhew  to  whom  I  am  beholden,  and  fometimes  for  the  fake  of  the 
youth  of  the  Univerfities,  whom  I  had  often  in  my  thoughts,  to  let  them 
know  where  they  may  find  the  fubjedts  treated  of  more  at  large;  though  I 
have  generally  given  the  l'ubftance  of  what  has  been  laid  by  former  writers, 
where  I  thought  it  worth  the  while:  fuch  of  my  notes  are  in  latin,  as  I 
thought  would  be  of  no  ufe  to  an  englilh  reader;  for  whofe  fake  I  have  ge¬ 
nerally  quoted  thofe  authors  in  englilh  which  I  knew  were  tranflated  into  that 
language,  though  I  had  them  before  me  in  the  originals. 

As  my  chief  defign  was  to  make  the  knowledge  of  the  heavenly  bodies  as 
eafy  as  the  nature  of  the  thing  will  admit,  I  have  taken  all  the  care  I  was 
able  to  difpofe  the  feveral  parts  of  my  work  in  fuch  a  manner,  that  what 
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comes  firfi  in  order  prepares  the  way  for  what  is  to  follow;  the  want  of 
which  method  is  often  an  occafion  of  great  obfcurity  in  books  that  treat  of 
any  fcience.  In  the  fiyle  I  have  fiudied  concifenefs,  as  far  as  is  confifient  with 
Perspicuity.  The  paragraphs  or  articles  which  have  numbers  prefixt  to  them 
I  call  Jett  ions,  and  refer  to  them  by  the  character  §;  though  that  mark  as 
well  as  the  word  feftion  is  made  ufe  of  by  fome  authors  to  fignify  a  larger 
divifion.  A  fhort  view  of  the  particulars  treated  of  may  be  feen,  by  running 
oyer  the  heads  of  the  chapters,  and  the  words  printed  in  italic ,  or  by  the  ta- 
b  e  of  contents  at  ^the  end  of  this  volume ;  I  have  made  it  very  full,  and 
marked  the  mofi  difficult  parts  with  an  obelifk  or  dagger. 

.  Since  the  addenda  were  printed  off,  I  have  met  with  a  farther  confirma¬ 
tion  of  the  change  of  the  obliquity  of  the  ecliptic  mentioned  p.  274  &  356:  it 
is  from  the  oblervations  of  the  Chinefe  afironomers,  who  are  faid  in  the 
year  66  before  Chrifi,  to  have  fuppofed  the  obliquity  of  the  ecliptic  240;  and 
in  the  year  1280  after  Chrifi,  to  have  found  it  230  33'  40"  if"  or  i%" .  v. 
Objervations  mathematiques  &  aflronomiques  &c  tirees  des  anciens  limes  Cbinoifes 
par  Souaet ,  Vol  2.  &  att.  eruditor.  Lipf  menf  Auguft.  Ann .  1732. 

I  ought  now  to  make  fome  apology  to  my  fubfcribers  for  my  long  delay: 
this  among  other  reafons  which  it  is  not  worth  while  to  trouble  the  public 
with,  has  been  owing  in  fome  meafure  to  my  enlarging  my  firfi  plan:  fo 
that  I  hope  I  fhall  have  their  pardon,  when  they  find  I  have  given  them  a 
good  deal  more  than  I  promifed  in  my  propofals;  as  the  principles  of  navi¬ 
gation,  the  ufe  of  maps  and  globes ,  and  fome  other  particulars  which  I 
thought  would  make  the  work  more  entertaining  or  ufeful;  though  no  bo¬ 
dy  would  have  had  any  reafon  to  complain  of  me  if  I  had  omitted  them: 
but  an  author  that  intends  to  content  his  readers  mufi  endeavour  in  the  firfi 
place  to  pleafe  himfelf,  it  is  in  writing  as  in  building;  we  are  often  drawn 
in  farther  than  we  at  firfi  intended:  this  has  fwelled  my  book  into  two  vo¬ 
lumes,  and  obliges  me,  contrary  to  my  firfi  defign,  to  publifh  only  the  firfi 
at  prefent.  the  public  may  be  allured  the  fecond  fhall  follow  with  the  utmoff 
expedition  I  am  able;  great  part  of  it  being  already  printed  in  books  I  ufe  to 
put  into  the  hands  of  thole  who  attended  the  courfe  of  le&ures  in  aftronomy, 
which,  for  above  20  years  I  have  been  confiantly  reading  in  this  Univerfity.  * 
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Pa*e  II  line  2.  for  af  read  At.  p.  12.  /.  5./  DC  r  c  E  .  p.  19.  /.  15./  1008  r.  1034.  Hid.  A  19./ 
1016S64  r.  1069156./.  1008  r.  1034.  p.  19./.  I./  twice  r.  four  times,  p.  21.  1.  20./  ace  r.  acb. 
*.  22.  /  22.  /  verfed  r.  verfed  fine.  ibid.  A  35./  a  c,  is  the  verfed  fine  r.  a  r,  is  the  verfed  hne.  p.  23.  A 
II./  B  t  r.  b  1.  z£zzA  /.  1 5./  d  f  r.  b  F.  p.  3 1 .  /.  8./  the  center  of  the  quadrant  r.  his  eye.  ibid.  1.  9.  / 

it  r.  the  quadrant,  p.  37.  in  the  margin  f.  29  r.  92.  p.  42.  L  33./  197474980  r.  I978l955°-  /  45; .  2°- 

f  D  r  L  7^  /  23./  9.  r.  1.  ibid.  1.  27.  /.  whether  it  be  thinner,  or  more  denfe  than  the  hrlt  r.  if  it  be 

"thinner  than  the  firft  ibid.  1.  30./  different  r  thinner  p  48.  in  the  margin  dele  93  fcf  94.  p.  49-  A  25./. 
D  c  E  /•.  F  E  c.  ibid.  I  2”./  c  r.  £.  p.  56.  /.  26.  for  ah  read  n  a.  for  be  in  one  to  zW  in  one  to  mn. 
ibid.  1.  27.  for  cd  to  cd  read cd  to  ml.  p  57.  /.  27.  for  g  to  f  read g  to  h.  f or f  to  e  read  h  to  z.  ibic, l  l.  28. 
for  e  to  d  read  i  to  A  p.  59.  A  34.  z&A?  from  g  to  h.  ibid.  1.  ult.  in  the  margin  f.  I  5  I  r.  I  5  2.  p.  60  A  2. 
dele  na  &  b.  ibid.  1.  4.  infert  gh,  before  hi,  iff  na,  after  mn.  ibid.  A  21./  G  z*.  1.  p.  62.  /  penult .  a//. 
/  on  the  eaft  fide  of  Spain  r.  round  the  cape  of  Good-hope.  p.  63.  A  24  /  femidiameter  r.  diameter,  ibid. 
A  25./  above  r.  about,  ibid.  A  34. /.  273  r.  274.  p.  64.  A  4./  274  z\  275.  ibid.  A  a//./.  275  r.  276. 
p.  65.  A  18./.  a  r.  z.  p.  67.  A  2  for  a  read  a.  zW.  A  17.  /  over  r.  in  the  focus  of.  p.  72.  A  8.  after 
epos',  infert  the  plane  of.  p.  75.  A  21  .for  a  read g.  p.  76.  A  20  /  P£s  r.  pAs.  z'AzV.  A  zl.f  rbs  r.  P/s. 
ibid.  A  23./  rzs  r.  p/s.  p.  8 1 .  A  37./  anfwer  to  1 5"  r.  aniwer  to  A.  /.  15  thirds  r.  1  fecond.  p.  84.  A 
36.  after  London:  infert  the  third  column  fhews  the  fame  in  degrees,  minutes,  &c :  p.  87.  A  2 1  .for  eq  read 


ao.  p.  88.  A  3./.  pAo  r.  pz'o.  for  pho  read  pio.  p.  97.  A  penult,  f.  about  one  degree  r.  a  little  more  than 
one  third  of  a  degree,  p.  98.  A  8./.  12th  of  december  r.  nth  ofjune.  p.  \  07.  A  »//./  feveral  r.  fome. 
p.  109.  A  7.  after  vertical  infert  much.  p.  1 10.  1. 8./.  moveable  round  its  center,  and  with  telelcope 
fights  r.  with  a  telefcope  moveable  round  its  center,  ibid.  A  30./  6o°  30'  r.  62°  30'.  ibid.  A  32./  40°  30' 
r.  420  30'.  /.  1 12.  A  34./.  c  o  p  r.  cp  o.  zAzzA  A  penult,  f.  other  fide  r.  other  fides.  p.  1 14.  A  z.f.  213*  to 

600;  juft  the  fame  as  r.  600  to  209  ;  a  little  different  from  what.  p.  1 15.  A  9./  eliptic  r.  ecliptic,  ibid.  A 
ult.f.  1.  2.  r.  1.  3  p.  \\6.l.  ult.f.  higher  r.  lower.  />.  1  17.  A  19./  §  419  r.  §  412.  p.  120.  A  27./  235.  r. 
437.  p.  128.  A  27./  900  r.  9000.  p.  131.  A  2./  5703  r.  57033.  ibid,  in  the  margin f.  78  r.  57.  /.  134. 
1.  \z.dele  and  then  for  every  10',  from  i°,  to  20:  p.  136.  A  18./  2094655  r.  20949655.  p.  146.  A37./. 
London  /•.  Naples,  ibid.  A  penult,  f.  Naples  r.  London,  p.  150.  A  13,  16,  22.  dele  E.  p.  1 5 1 .  A  17.  after 
rhumb  infert  except  the  eaft  and  weft.  p.  154.  A  18./.  §  258  /-.  §  257.  p.  157.  A  15./  chap.  17  r.  chap. 
16.  p.  158.  A  7.  iff  in  the  margin  dele  89.  ibid.  I  33./  extream  meridians  r.  bounding  lines,  ibid.  1.  37. 
/  extream  parallels  r.  bounding  lines,  p.  160.  A  19./  180  r.  120.  p.  165.  A  z/A  /.  Plin.  »«/.  A//A  A  4. 
V.  10.  r.  d  Plin.  kif.  A  4.  f.  12.  p.  \%2. 1.  penult,  f.  368  r.  369.  p.  190.  A  12.  dele  certainly,  p.  199. 
A  2.  after  fun,  infert  fome  of  them,  p  204.  A  12./  §  339  r.  §  340  /».  205.  A  z.f.  s  r.  ©.  p.  218.  A  10. 
/.  a  planet  r.  mercury.  z'Azi.  An.  after  orbit  infert  proxime.  ibid.  A  1  2.  after  l  :  infert  the  greateft  poffible 
elongation  of  venus  is  when  the  vifual  line  is  a  tangent  to  her  orbit,  and  the  earth  is  near  her  perihelion. 
P.  224.  A  28./.  1608  r.  1708.  p.  229.  A  12./  P  r.  D.  p.  231.  A  \().for  n  read  a.  p.  232.  1.  16.  f.  $670 
r.  §  620.  p.  233.  A  13./  §  706  r.  §  7  n.  p.  236.  A  4./.  lemma  3  r.  lemma  4.  ibid.  A  20  /  retrograde  to 
dire<a  r.  direft  to  retrograde,  ibid.  A  24./.  diretf  to  retrograde  r.  retrograde  to  direct,  p.  237.  A  37.  f. c.  16 
r.  c.  6.  ibid.  I  ult.f  c.  10  r.  c.  14.  p.  240.  A  22./.  at  a,  fig.  47  r.  at  e,  fig.  48.  ibid,  in  the  margin,  f 
47  r.  48.  p.  268.  /  3./  E  c If.  a  ibid.  A  27./  n  as  r.  N  ds.  ibid.  A  27./.  E  r.  276.  A  12./.  §  802 
z-.'  §  805.  p.  279.  A  17./  1700  r.  1692.  />.  288.  A  32./  D  A  z-.  pb.  z'AzV.  A  33./  D  B  r.  pa.  p.  301.  A  5. 
after  by  and  bya:  infert  what  is  faid  here  and  in  the  remarks  §  879  is  true  only  of  liars  that  are  on  the  fame 
fide  of  the  true  pole  as  the  apparent  pole  is  when  the  liar  paffes  through  the  zenith:  by  the  true  pole  I 
mean  the  center  of  the  circle  deferibed  by  the  earth’s  axis  extended,  lee  §  829.  p.  3  1  2.  A  1  ./.  quadrature 
r.  conjunction  or  oppofition.  ibid.  1.  z.f.  a  or  c  r.  B  or  d.  p.  3 19.  A  J,f  a  b  c  d  r.  a  b  c  h.  p.  3 2 1 .  A 
14.  «/?cr  than  infert  the  north  pole  is. 
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The  Right  Hon.  the  Earl  o/'Abercorn. 

Rev.  Mr.  Addifon  Fellow  of  Pemb.  Hall  Cambridge. 
Gilbert  Affleck  of  Dalham  in  Cambridgeshire,  Ej'q. 
George  Allan  of  the  Grange  in  the  Bpk  Durham,  Efq. 
Rev.  Mr.  William  Allen. 

Mifs  Arnold. 

Mr.  Afgill  of  Lincoln's  Inn. 

Sir  Jacob  Aflley  Bart. 

Rich.  Attwood  Fellow  of  Pemb.  Hall  Efq.  Beadle. 
Sir  John  St.  Aubyn  Bart. 

Mr.  Edward  Audley  of  Huntingdon. 

Rev.  Mr.  Ayfcough  Reflor  of  St.  Olave,  Southwark. 

B. 

His  Grace  Wriothefly  Duke  of  Bedford. 

Rev.  Dr.  Baker  Fellow  of  St.  John  s  Coll.  Cambridge . 
Rev.  Mr.  Samuel  Baker. 

Mr.  Baldwin. 

Sir  John  Barnard  Kt.  Alderman  f  London. 

Rev.  Mr.  Barnard  Prebendary  of  Weflminfer. 

Mr.  John  Barnes  Merchant  in  London. 

Rev.  Mr.  Barton  Reflor  of  Sherington,  Bucks. 

Rev.  Mr.  Rich.  Barton  B.  D.  of  Erin.  Coll.  Dublin. 
Rev.  Mr.  Batfon  Redtor  of  Lynn  St.  Edmunds. 

Thomas  Beech  Efq. 

Sir  John  Bernard  Bart. 

Hon.  Albemarle  Bertie  Efq. 

Hon.  Charles  Bertie  Efq. 

Dr.  John  Bettefworth  Dean  of  the  Arches. 

John  Bigg  of  Grafham  in  Huntingdonshire ,  Efq. 

Mr.  John  Birkhead. 

Rev.  Mr.  Blackman  Reft  or  of  Barcomh  in  Sujfex. 

Rev.  Dr.  Blomfield  Redlor  of  Badingham  in  Suffolk. 
Sir  Henry  Pope  Blount  Bart. 

Rev.  Mr.  John  Pope  Blount  M.  A.  of  Clare  Hall,  Cam. 
Lady  Blount  ofTittenhanger  in  Hertford-Jhire. 

Rev.  Mr.  Bolton  S'.  T.  B.  Fellow  of  C.  C.  C.  Cambr. 
Mr.  Hugh  Bonfoy  Merchant  in  London. 

Nich.  Bonfoy  of  Abbots  Ripton  in  Huntingdonjh.  Efq. 
Thomas  Bonfoy  of  the  Inner  'Temple,  Efq. 

Daniel  Boone  Efq. 

Rev.  Dr.  Booth  Dean  ofWindfor. 

Rev.  Mr  Bouchery  Fellow  of  Clare  Hall,  Cambridge. 
Sir  Thomas  Brand  Kt.  Gentleman  IJJher  of  the  Green 
Rod,  &  Gent.  Ufher  daily  waiter  to  his  Majefy.- 
Henry  iirewiter  of  Aldby  in  Yorkfhire,  Efq. 


Rev.  Dr.  Bridges. 

John  Bridges  Efq. 

Mr.  Bridges  of  Chrif's  Coll.  Cambridge. 

Rev.  Mr.  Brookes  Reftor  ofFramlingham  in  Suffolk. 
Mr.  Brown. 

Rev.  Mr.  Bullemur  Mafter  of  the  Free-School,  Norwich. 
Rev.  Sir  William  Bunbury  Bart. 

Mr.  Burford  Fellow  of  King's  Coll.  Cambridge. 

*  James  Burkin  of  Burlington  in  Norfolk,  Efq. 

Mr.  Burfey. 

Mr.  Thomas  Burflem. 

Rev.  Air.  Burton  Fellow  of  Pemb.  Hall,  Cambridge „ 

*  John  Butler  Efq. 

in  Norfolk,  Efq. 

.  Coll.  Cambridge „• 

*  His  Grace  James  Duke  of  Chandos. 

*  The  Right  Hon.  Henry  Earl o/’Carlifle. 

The  Right  Hon.  Charles  Lord  Cornwallis. 

*  The  Right  Hon.  William  Lord  Craven,  3  books. 

*  Caius  Coll.  Library. 

*  Charles  Caefar  of  Bedington  in  Hertfordshire,  Efq. 
Felix  Calvert  of  Pelham  in  Hertfordshire,  Efq. 

Rev.  Dr.  Camel  Retlor  of  Bradwell  in  Norfolk. 

Air.  Campbell  Fellovs  of  King's  Coll.  Cambridge.- 
Rev.  Air.  Caftle  Rector  of  Barley  in  Hertfordshire . 
Hon.  Lord  Charles  Cavendifh. 

Air.  John  Chace  Apothecary  in  Wefminfer. 

R - Chandler  of  Lincoln  s  Inn,  Efq. 

Sir  Will  Chappie  one  of  the  Judges  of  ' the  K.  Bench. 
Rev.  Mr.  Chappelow  Arabic  P rofeffor  in  the  U river- 
fity  of  Cambridge,  2  books. 

Rev.  Mr.  Chauncey  Re 8 or  of  Cottered  in  Hertfordjh • 
John  Cheele  ofFindon  in  Sujfex,  Efq. 

Edward  Chelter  of  Bygrave  in  Hertford-Jhire,  Efq. 

Sir  John  C heller  of  Chichely,  Bucks,  Bart. 

*  John  Chetwode  LL.D.  Fellow  ofTrin.  Hall,  C » 
Francis  Choute  of  the  Middle  Temple,  Efq. 

Thomas  Churchman  Efq. 

Anthony  Chute  Efq. 

Clare  Hall  Library,  Cambridge. 

Rev.  Dr.  Clark  Dean  ofSarum. 

Mr.  Clark  Fellow  of  Alagdalen  Coll.  Cambridge. 
Dennis  Clarke  ofTrin.  Hall,  Cambridge,  LL.B » 

_ ,  —  Colby  of  Stamford,  M.  D. 

Rev.  Dr.  Cole  Dean  of  Norwich. 

Philip  Coleman  Efq. 


Robert  Buxton  Jun.  ofChannons 
Air.  Byrom  G.  M.  Sh.  S.  ofTrin 

C. 
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Rev.  Mr.  Edw.  Collins  Vicar  ofBreage  in  Cornwall. 
Rev.  Mr.  John  Colion  Lucajian  Profeffor  of  the  Ma¬ 
thematics  in  the  Uni-verfity  of  Cambridge ,  2  books. 

Mr.  Cook. 

John  Coppin  of  Market  Cell  in  Hertford-jhire ,  Efq. 

Rev.  Mr.  Cory  ReBor  of  Marham  Church,  Cornwall. 

*  Sir  Clement  Cottcrell  Kt.  Majler  of  the  Ceremonies. 

*  Rev.  Mr.  Cotterell  Dean  of  Rap.ho. 

*  Stephen  Cotterell  LL.  D ■ 

Hon.  George  William  Coventry  Efq. 

*  Jeremiah  Cray  of  Ibjley  in  Hair,  jhire,  Efq. 

*  Mr.  Drue  Creflener  Merchant  in  London 

Rev.  Dr.  Crofie  Majler  of  Cat  h.  Hall,  Camb.  2  books. 
John  Cullum  Efq. 

His  Grace  William  e/' Devon flv' re. 

*  Her  Grace  Elizabeth  Duchefs  of  Dorfet. 

The  Right  Hon.  Edward  Earl  of  Darn  ley. 

The  Right  Hon.  the  Lord  Vi fcount  Deerhurft. 

The  Right  Rev.  Thomas  Lord  Bijhop  o/'Derry. 

Rev.  Mr.  Dabbs  ReBor  of  Gothurjl,  Bucks . 

Robert  Dale  LL.  D.  Fellow  of  Erin.  Hall,  Cambridge. 
Thomas  Dallifon  of  Plaxton  in  Kent,  Efq. 

*  George  Dafhwood  of  Peyton  Hall  in  Suffolk,  Efq. 
Sharrington  Davenport  Efq. 

Rev.  Mr.  George  Davies  ReBor  of  P  err  an,  Cornwall. 
Rev.  Mr.  Davis  ReBor  of  Kings  W alden. 

Edward  Denny  Efq. 

Edward  Dering  Efq. 

Rev.  Mr.  Difney. 

Sir  Wolitan  Dixie  Bart. 

Wiliam  Dixon  Efq.  F.  R.  S. 

Rev.  Mr.  Dodd  ReBor  of  Conington,  Huntingdon (h. 
Rev.  Sir  John  Dolben  Bart. 

Mifs  Dolben. 

Rev.  Mr.  Domett  of  Bovey  Tracy  in  Devon-Jhire. 

John  Dowdall  of  the  Middle  Temple,  Efq. 

Rev.  Mr.  Philip  Downes. 

Mr.  Doyle. 

Sir  Edmund  Duke  Bart. 

E. 

*The  Right  Hon.  Brownlow  Earl  of  Exeter. 

*The  Right  Hon  Hannah-Sophia  Countefs  of  Exeter. 
Allguiline  Earl  of  Heydon  in  Norfolk ,  Ejq. 

Mrs.  Catharine  Edwin. 

Rev.  Dr.  Ellis  ReBor  of  St.  Andrew's,  Norwich. 
Robert  Elwes  Efq. 

Emanuel  College  Library ,  Cambridge. 

Rev.  Mr.  Emerfon. 

Hon.  Fairfax  Erfkine  Efq. 

Rev.  Mr.  Ellis  Archdeacon  of  Armagh  in  Ireland, 
fir.  Evans  Fellow  of  King’s  Coll.  Cambridge. 

F. 

Rev.  Dr.  Fanlhaw  Canon  of  Chriffs  Church,  Oxon. 
Denys  Farmer  Efq. 

Rev.  Mr.  Tho.  Farrer  ReB.of  Brampton,  Nhamptjh. 
*  Francis  Fauquier  cfSaxham  in  Suffolk,  Efq. 

Robert  Fenwick  of  Lincoln's  Inn,  Efq. 

Mr.  Fieide. 

Hon.  John  Finch  Efq. 

Sir  Cordell  Firebrace  Bart. 


R_ev.  Mr.  John  Fifher  Vicar  of  Thirlby. 

Rev.  Mr.  Fleming  ReBor  of  Binley  in  Norfolk. 

Gilbert  de  Flinefs  Merchant  in  London. 

Rev.  Mr.  Foden  ReBor  of  Dean  in  Northampton-fhire. 
Rev.  Mr.  Fordham. 

Pulter  Foreller  of  Broadfield in  Hertford-Jhire,  Efq. 
John  Forller  Efq. 

Rev.  Mr.  John  Forller  ReBor  of  Elton ,  Huntingdonfb. 
Henry  Forth  of  Darlington,  Efq. 

James  Fortrey  Efq. 

James  Frampton  Efq. 

G. 

Mr.  Gataker. 

William  Gery  Efq. 

Mr.  James  Gibbs  ArchiteB. 

Rev.  Mr.  William  Gibbs. 

John  Gibfon  Efq. 

Rev.  Mr.  Giffard  P rebendary  of  Norwich 
Rev.  Dan.  Gittins  LL.B.  ReB  of  South  flock.  Suffer. 
Rev.  Mr.  Goddard  Fellow  of  Clare  Hall,  Cambridge. 
Hon.  William  Godolphin  Efq. 

Rev.  Mr.  Goodwin  ReB .  of  Buckworth,  Huntingd  njh. 
Rev.  Mr.  Goodwin  ReBor  of  Clapham  in  Surrey. 
Richard  Graham  Efq.  F.  R.  S. 

William  Greaves  Efq. 

John  Green  of  Bois  Hall  in  Effex  Efq. 

Rev.  Mr.  Green  ReB .  of  Cottenham  in  Cambridgefh. 

*  Thomas  de  Grey  of  Merton  in  Norfolk.  Efq. 
Nehemiah  Griffith  of  Rhual  in  Flint  Jhire,  Efq. 
Thomas  Guillim  of  Whitchurch  in  Herefordshire,  Efq . 
Mr.  Nicholas  Gwinn. 

H. 

*  R.  //.Philip  /.Hardwick  L.  H.  Chanc.ofG .  Britain. 
The  Right  Hon.  John  Lord  Hobart. 

The  Right  Hon.  the  Lord  Hope. 

Henry  Hale  Efq. 

Jeremy  Hale  of  Grays  Inn,  Efq. 

William  Hal eof  King's  Walden  in  Hertfordjh.  Efq . 
Rev.  Dr.  Hales  ofTeddington. 

Rev.  Mr.  Halfhyde  ReBor  of  Coton. 

Mr.  Tho.  Halfhyde  Apothecary  in  Cambridge. 

Rev.  Dr.  Hall  Prebendary  of  Durham. 

Hon.  and  Rev.  Mr.  Hamilton. 

John  Hamilton  of  Enfield,  Efq. 

Rev.  Mr.  Hamlen  ReB .ofOutwellhS  Wefiwalton  Norf. 

*  Hon.  Col.  Roger  Handafyde. 

*  Hon.  Col.  Thomas  Handafyde. 

*  Sir  Thomas  Hanmer  of  Hanmer  in  Flint  jhire,  Bart. 
Thomas  Hanmer  of  Fenns  in  Flintjfire,  Efq. 

William  H  miner  Efq. 

Harbord  Harbord  of  Gunton  in  Norfolk,  Efq. 

Mr.  Harland. 

Cornelius  Harifon  M.  A.  Fellow  of  Pcmb.  Hall,  Cam. 
David  Hartley  M.  A.  F.  R.  S. 

Rev.  Mr.  Hartup. 

Rev.  Dr.  Harwood  Vicar  ofSoham  in  Cambridgefh. 
Rev.  Mr.  Hatfield  ReBor  of  Lilley  in  Hertford-jhire. 
Chrillopher  Hawkins  ofTrewinnard  in  Cornwall.  Efq. 
Philip  Hawkins  ofTrewitham  in  Cornwall,  Efq. 

Rev.  Dr.  Hawkins  of  P ennans  in  Cornwall 
John  Healy  of  Frodingham  in  Lincolnshire,  Efq. 
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James  Herbert  Efq. 

Rev.  Mr.  Hcyhoe. 

Robert  Heyfham  of  Stayenhoe  in  Hertford /hire,  Efq. 
Sir  Robert  Hildyard  Bart. 

*  Thomas  Hill  of  Tern  in  the  County  of Salop ,  Efq. 
Rev.  Mr.  Hill. 

Rev.  Mr.  John  Hockin. 

Rev.  Mr.  Holmes  Vicar  of  Erefng  field  in  Suffolk. 

Rev.  Dr.  Hooper  Fellow  ofTrin.  Coll.  Cambridge. 

*  Rev.  Mr.  Horton  of  Hygate  in  Surrey. 

Rev.  Mr.  Hotchkin  Ref  or  of  Abbot's  Ripton,  Hunt. 
Edward  Howrnan  of  Norwich,  M.  D. 

Rev.  Dr.  Hubbard  Mafter  ofCath.  Hall ’,  Cambridge. 
Robert  Hucks  Efq. 

Mr .  Robert  blunt  of  Alconbury  W ?flon  in  Huntingdonff. 
Chriftopher  Hunter  of  Durham,  M.  D. 

Mr.  Thomas  Hurft  Attorney  in  Stamford,  Lincohifh. 
Dr.  Michael  Hutchinfon  Reilor  of  Hammerfmith. 

The  Right  Hon.  Ann  Vifcountefs  Irwin. 

Rev.  Mr.  James  Reilor  of  Woughton,  Bucks. 

Sir  Theodore  Janfien  Bart. 

Rev  Mr.  Jeffery  Fellow  of  Pemh.  Hall,  Cambridge. 

*  Charles  Jennens  of  Queen  s  Square,  London,  Efq. 
William  Jenner.s  of  A  don  in  Suffolk,  Efq.. 

Rev.  Mr.  Johnfon  Fellow  ofTrin.  Coll.  Cambridge. 
Rev  Mr.  Johnfon  Reilor  of  Wilby. 

Rev.  Mr.  Jones  LL.B.  Re  it.  of  Kirby-Under  wood.  Line. 

*  James  Joye  Efq. 

Rev.  Mr.  liaac  Re  it.  of  Whit  well  &  Ajhwell, Rut  land. 

K. 

King’s  Coll.  Library,  Cambridge. 

Mr.  Thomas  Knowles  of  Pembroke  Hall,  Cambridge. 
Rev.  Mr.  Kynnefman  Mafer  of  the  Free  School  in  Bury. 

Xj  • 

The  Right  Rev.  Edmund  Lord  Bi/hop  of  London. 

The  Right  Rev.  the  Lord  Bi/hop  of  Limerick. 

Rev.  Mr.  Lake  V tear  of  Stow  Bardolph  in  Norfolk. 
Rev.  Dr.  Lambert  Alafier  of  St.  Johns  Coll.  Cambr. 
Rev.  Mr.  Law. 

Mr.  Lawrence. 

Rev.  Air.  Leman  Reilor  ofWarbois  in  Huntinzdonfh. 
Mr.  Lethuiller. 

Rev.  Mr.  Lettice. 

Rev.  Mr.  Lewis  of  Margate  in  the  IJle  of  Thane t. 

Rev.  Air.  Lewis  Reilor  of  Overton  Longueville,  Hunt. 
John  Lightfoot  Efq. 

Rhr.  Tno.  Little  Fellow  of  Emanuel  Coll.  Cambridge. 
Ifracl  Long  of  Dur.fiun  in  Norfolk,  Efq. 

Mifs  Long. 

Rev.’ Mr.  Lord  Reilor  of  Lavenham  in  Suffolk'. 

Sir  Thomas  Lcwther  Bart. 

J  homas  Luck  of  Rennet  in  Cambridge-fhire,  Efq. 

Sir  Henry  Lyddal  Bart. 

George  Lynn  of  Southwick  in  North amptonjhire,  Efq. 
"  ill.  Robinfon  Lytton  of  Kncbworth  P lace,  Hert.  Efq. 

M. 

His  Grace  William  Duke  o/'Mancheller. 

The  Right  Hon.  Henry  Lord  Mountfort. 

Rev.  Dr.  Macro  of  Yarmouth  in  Norfolk*  ' 

Rev.  Mr.  Man. 

*  John  Manley  Efq. 


*  William  Manley  Efq. 

Mr.  Margerifon. 

Rev.  Mr.  Marnotte  Fellow  ofPemb.  Hall,  Cambr 
Robert  Marfden  Efq. 

William  M.rfhall  of  Little  Ravely,  Hdnt.  Efq. 

Robert  Marfham  Efq. 

Air.  Tho.  Martyn  Teacher  of  Math,  at  Padfow.Com. 
Rev.  Mr.  Charles  Mafon  Fellow  ofTrin.  Coll.  Cambr. 
W oodwardian  Leilurer. 

Will.  Metcalfe  of  Fordham- Abbey,  Cambridrejh.  Efa. 
William  Mi  1dm ay  Efq.  Ji 

Rev.  Mr.  MilTenden  of  Yarmouth  in  Norfolk. 

John  Mitchell  M.  D. 

*  Hender  Molefworth  Efq. 

Hon.  Walter  Molefworth  Efq. 

Hon.  Col.  Montagu. 

*  Edward  Montagu  Efq. 

James  Montagu  Efq. 

Rev.  Mr.  Moreton. 

Rev.  Dr.  Morgan  Mafer  of  Clare  Hall,  Cambridge. 
Hon.  G  o-vernour  Morris. 

Roger  Moftyn  of  Aberhirrieth  near  Alontgomery,  Efq. 
Wrightfon  Mundy  of  Markeaion ,  Darbxf:.  E/q.  z  books.- 
Rev.  Mr.  Murdin  Reilor  of  Wood  Walton,  Hunt. 

Rev.  Mr.  Myers  Fellow  ofTrin.  Coll.  Cambridge. 

N. 

*  James  Naifh  Efq. 

Francis  Naylor  ofOfford in  Huntingdonshire,  Efq.- 
Mr .  Neale  of  Alagdalen  Coll.  Cambridge. 

Jean  de  Neufville  Alerchant  i?i  London. 

Chriliopher  Nevil  of  Wellington  in  Liticolnfh.  Efq. 

Rev.  Mr.  Neville  Fellow  ofGhriffs  Coll.  Catnbridge, 

*  Sir  Clobery  Noel  Bart. 

*  William  Noel  Efq. 

O. 

*  The  Right  Hon.  Edward  Earl  of  Oxford. 

William  Oliver  of  Bath,  M.  D. 

Rev.  Air.  Oliver. 

Mr.  Ord  of  Trinity  Coll.  Cambridge, 

Thomas  Oughton  Efq. 

P. 

*  The  Right  Hon.  Thomas  Earl  of  Pembroke. 

The  Right  Hon.  Charles  Earl  of  Peterborough. 

*  The  Right  Rev.  Robert  Lord  Bijhop  ^Peterborough. 

*  - Parker  of  P eterhorough,  Al.  D. 

Rev.  Mr.  Parnham  Reilor  ofUfford,  N or t ham ptonjh. 
Robert  Parfons  Efq. 

*  Mr  Patrick. 

Rev.  Air.  Payne  Archdeacon  of  P eterhorough. 

Rev.  Air.  Pearce. 

William  Peartrce  Efq. 

Wharton  Peck  LL.  D.  Chancellor  of  the  diocefe  of  Ely. 
John  Pedley  Efq. 

The  Right  Hon  Henry  Pelham  Efq.  Pay-mafer  Gene¬ 
ral  of  his  Majefies  Forces-. 

Sir  Henry  Pennce  Kt.  J udge  of  the  Admiralty. 

Rev.  Mr.  Will.  Penwarne  Vicar  of  St.  Veep,  Cornwall, 
Rev.  Dr.  Peny  Dean  of  Lichfield, 

*  Mr.  Petty  Surgeon  in  London-. 

*  Henry  Peyton  Efq. 

The  Lady  Peyton. 

*  Library  of  the  College  of  Phyficiansi- 
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Richard  Plummer  of  Gray'  s  Inn,  Efq. 

William  Plummer  of  Blake's  Ware  in  Hertfordjb.  Efq 
Henry  Plumtree  of  London  M  D. 

Samuel  Poyntero/'  Kelfal  in  Hertford-Jhire ,  Efq. 

Rev.  Mr.  Prefcot  Mafler  of  Cath.  Hall ,  Cambridge. 

The  Lady  Prideaux. 

Rev.  Mr.  Prime  Fellow  of  St.  Johns  Coll.  Cambr. 

John  Proby  of  Elton  in  Huntingdonshire ,  Efq. 

Sir  John  Pryce  Bart. 

Robert  Pulleyn  of  St.  Neots  in  Huntingdonjh .  Efq. 

*  Rev.  Sir  Robert  Pye  Bart. 

R. 

El ye  Right  Hon.  John  Earl  of  Radnor. 

The  Right  Hon.  Lewis  Earl  of  Rockingham. 

The  Lord  Chief  Juflice  Raymond. 

Thomas  Ramfden  Efq. 

Matthew  Raper  Efq. 

Rev.  £>r.Richardlbn,  Mafer  of  Emanuel  Loll.  Lambr. 
Rev.  Mr.  Robinfon  Fellow  of  St.  John's  Coll.  Cambr. 
Henry  Rolle  ofStevenfone  in  Devonjhire,  Efq. 

Rev.  Mr.  Rooke  Fellow  ofChrif's  Loll.  Cambridge. 
Mr.  Row. 

Thomas  Rowney  of  Oxford,  Efq. 

Rev  Mr.  Rowning  Fellow  of  Magdalen  Coll.  Cambr. 

S. 

The  Right  Rev.  Thomas  Lord Bijhop  o/’Salifbury. 

Rev.  Dr.  Salter  Prebendary  of  Norwich. 

Mrs-  Judith  Sambroke.  ,  „  __  , 

Rev.  John  Savage  D-D.  Reftor  qfClothall,  Hertfordjb 
Exton  Sayer  LL.  D.  Chancellor  of  Du.)  nam. 

Rev.  Mr.  Scottow  Fellow  of  C.  C.  C.  Cambridge. 

Sir  Thomas  Seabright  Bart. 

Mr.  Shearman.  . 

Caflle  Sherrard  of  Glutton  in  Huntingdon-Jhire,  Efq. 
Rev.  Mr.  Sitwell  Fellow  of  Chrif's  Coll.  Cambridge. 
Rev.  Mr.  Edward  Smith  Fellow  of  Erin.  Coll.  Camb. 

*  Rev.  Robert  Smith  D.  D  Fellow  of  Erin  Coll,  and 

Profejfor  of  Aflronomy  and  Experimental  Philofopby 
in  the  Univerfity  of  Cambridge. 

Rev.  Mr.  Smith  Reftor  of  Emerton,  Bucks. 

Rev.  Mr.  Smith  Reftor  of  St  Mary  Aldermavbury. 

*  Ehe  Gentlemans  Society  at  Spalding  in  Lincoln-Jbire. 
Rev.  Mr.  Staniforth  Fellow  of  Chrift's  Coll  Cambr. 
Moreton  Stanley  of  Knowl  Bpk  of  Durham, Efq.  2  boohs 
Mr.  Ifaac  Stanton  of  Birmingham. 

Rev.  Dr.  Stebbing  Preacher  at  Grays  Inn,  2  books. 
Rev.  Mr.  Stevens  LL.  B. 

Francis  Stratford  Ejq. 

Rev.  Mr.  Stuart  Fellow  ofP emb.  Hall,  Cambridge. 
Rev.  Will.  Stukely  M.D.  Reft,  of  All  Saints,  Stamford. 
Mr  Sturrock. 

Denzil  Suckling  of  Wottonin  Norfolk,  Efq. 

Rev.  Mr.  Sykes. 

Cotton  Symonds  ofOrtneJby  in  Lincoln  fhire,  Efq. 

Mr.  Symonds. 

*  R.Ho  Charles  L.  Talbot  L.H.  Chant.  ofG.  Britain , 
Ehe  Right  Hon.  the  Earl  of  Tilncy . 

*  Hon.  John  Talbot  Efq.  z  books . 

Airs.  Talbot. 

Mr.  Tenant. 
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Ptv.  Tho.  Tenifon  LL.  D.  Clmullor  of  the  Jhctfc  of 
Oxford. 

Henry  Thomfon  of  the  Inner  Eemple,  Efq. 
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INTRODUCTION. 


§.i.  Astronomy  is  a  science  which  treats  of  the  heavenly  bodies 
by  the  heavenly  bodies  are  meant  the  fun,  moon,  ftars,  planets,  and  comets 
the  nature  of  thefe  it  is  the  bufinefs  of  an  aftronomer  to  fearch  into,  to  con- 
fider  their  order,  diftance,  magnitude,  fhape,  motion,  light,  and  other  par¬ 
ticulars  wnich  relate  to  them  j  their  different  appearance  to  the  inhabitants  of 
tne  earth,  at  different  times,  and  in  different  places,  and  to  enquire  into  the 
caufes  thereof :  in  this  enquiry,  the  earth  alfo  upon  which  we  live,  being  the 
place  from  whence  we  view  all  the  appearances  in  the  heaven,  muff:  of  neceff 
lity  be  confidered,  with  regard  to  its  fhape  and  magnitude,  its  fftuation  in  the 
univerfe,  its  motion,  or  reft,  and  many  other  affections  and  properties.  Among 
the  ancient  Greek  and  Latin  writers  aftronomy  and  aftrology  were  but  diff 
ferent  names  for  the  fame  thing ,  but  in  modern  language,  an  aftrologer  is 
one  who  pretends  to  be  acquainted  with  the  influences  of  the  heavenly  bodies 
bpon  our  earth  and  its  inhabitants,  and  would  have  it  believed  that,  from  their 
:  arious  pofitions,  afpeCts,  and  configurations,  he  can  foretell  future  events. 

A  2  It 
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Fig.  2  It  is  impofiible  to  treat  of  aftronomy  without  borrowing,  feveral  terms 
from  that  part  of  the  mathematics  which  is  called  geometry,  fuch  as  a  line,  an 
angle,  a  circle,  &c:  thefe  terms  I  (hall,  for  the  fake  of  thofe  readers  that  are 
unacquainted  with  that  fcience,  take  care  to  define  and  explain,  before  I  make 
ufe  of  them. 

3  The  objedt  about  which  mathematical  reafoning  is  employed  is  quantity ; 
that  is,  every  thing  concerning  which  we  may  enquire  how  great  or  how  much 
it  is:  thus,  magnitude,  weight,  number,  duration,  motion,  and  many  other 
affections  or  properties  which  maybe  conceived  to  belong  to  material  beings, 
may  be  confidered  as  quantity. 

4  Magnitude  is  that  quantity  which  we  conceive  extended  and  divifible  into 
parts.  There  are  three  forts  of  magnitude,  viz.  a  line,  a  furface,  and  a  folid. 

5  A  line  is  that  magnitude  in  which  we  confider  extenfion  in  length  only, 
without  breadth  or  thicknefs :  thus,  if  I  imagin  a  line  drawn  from  one  ftar  in 
the  firmament  to  another,  I  confider  nothing  but  the  length  of  that  line,  or  the 
diftance  between  the  two  flars;  it  is  true,  if  I  draw  a  line  upon  paper,  it  muft 
have  fome  breadth  to  make  it  vifible,  and  if  I  form  the  idea  of  a  vifible  line 
in  my  mind,  I  muft  give  that  fome  breadth  likewife,  to  make  it  the  objedt  of 
my  imagination^  neverthelefs,  if  I  would  confider  a  line  as  mathematicians  do, 
I  muft  confider  the  length  of  it  only,  without  any  regard  to  its  breadth. 

6  A  line  is  either  fir  ait ,  which  is  fometimes  called  a  right  line ,  or  crooked, 

1  which  is  frequently  called  a  curve j  the  line  ab,  fig.  i,  is  a  flrait  lines  the  lines 

2  dc  and  eg,  fig.  2,  are  curves. 

7  A  ftrait  line  may  be  imagined  to  be  continued  or  extended  both  ways 
as  far  as  we  pleafes  when  no  bounds  are  fet  to  this  extenfion,  the  line  is  faid  to 
be  infinite ,  or  more  properly  indefinite. 

8  A  point  is  underftood  to  be  without  any  extenfion  at  all :  to  make  a  point 

vifible  upon  paper,  I  muft  give  it  fome  magnitude,  and  when  I  form  the  idea 
of  a  vifible  point  in  my  imagination,  I  muft  give  that  alfo  fome  magnitude, 
though  the  leaft  that  is  poffible,  as  when  I  think  of  the  point  of  a  needles  ne¬ 
verthelefs  mathematicians  confider  a  point  as  without  extenfion,  without  parts 
and  indivifible:  thus  the  ends  of  a  line  are  points,  that  is,  they  are  confidered 
only  as  bounds  which  terminate  the  line,  or  as  places  to  which  the  line  is  ex¬ 
tended  s  if  the  ends  of  a  line  were  conceived  as  extended,  and  making  parts  of 
the  line,  they  would  be  then  fhort  lines  and  not  points.  By  this  time  I  fuppofe 
it  appears  that  geometrical  points  and  lines  are  obje&s  of  the  underftanding, 
not  of  thefenfe  or  imaginations  and  our  ideas  of  them  are  formed  by  abftradtion 
after  this  manners  from  the  idea  of  a  vifible  point  the  mind  takes  away  every 
thing  but  places  from  the  idea  of  a  vifible  line  the  mind  takes  away  every  thing 
but  extenfion  in  length  only.  9  A 


INTRODUCTION.  3 

9  A  line  may  be  conceived  to  be  defer  iked  by  the  motion  of  a  point:  thus,  I  fig  . 
may  imagin  the  line  ab,  fig.  i,  to  be  defer  ibed  by  the  motion  of  the  point  a,  * 
from  a  to  b. 

10  A fur  face  or  fuperficies  is  that  magnitude  in  which  we  confider  exten- 
fion  in  length  and  breadth  only:  thus,  a  piece  of  land  is  meafured  how  long  and 
how  broad  it  is,  without  any  regard  to  the  depth  of  the  earth:  the  ftiadow 
which  is  caft  upon  the  ground  in  funfhine  by  an  opake  body  gives  us  a  fen- 
fible  image  of  a  furface,  for  a  fhadow  has  no  thicknefs  or  depth. 

1 1  A  furface  is  either  plane  or  curve;  the  furface  of  a  common  looking-glafs, 
or  the  fmooth  fide  of  a  marble  flab  made  exactly  flat  and  even,  may  reprefent 
a  plane  furface:  a  plane  furface  is  ufually  called  a  plane. 

12  Acurve  furface  is,  either  convex ,  that  is,fwelling  out,  as  the  outfide  of  ail 
egg-£hell,  or  concave ,  that  is,  hollow,  as  the  infide  of  an  egg-fhell. 

13  A  furface  may  be  conceived  to  be  deferihed  by  the  motion  of  a  line,  not 
diredlly  endways ;  a  ftrait  line  deferibes  a  plane;  a  curve  deferibes  a  curve  fur¬ 
face  :  this  will  be  illuftrated  when  we  come  to  confider  the  formation  of  a 
circle,  fquare,  or  globe:  if  a  line  is  moved  diredtly  endways,  it  will  not  deferibe 
a  furface,  but  only  a  line. 

14  A  plane  furface  may  be  imagined  to  be  extended  every  way  as  far  as  we, 
pleafe:  when  no  bounds  are  fet  to  this  extenfion,  the  furface  is  faid  to  be  infi¬ 
nite,  or  rather  indefinite. 

15  Any  furface  terminated  or  enclofed  every  way  is  called  a  figure:  a  plane 
furface  terminated  or  enclofed  everyway  is  called  a  plane  figure :  a  plane  figure 
may  be  formed  by  one  curve,  or  by  two,  or  by  a  curve  and  a  ftrait  line;  but  a. 
plane  furface  cannot  be  enclofed  by  fewer  ftrait  lines  than  three. 

1 6  The  area  of  a  plane  figure  is  the  quantity  of  furface  contained  therein. 

1 7  An  angle  is  the  opening  of  two  lines  which  touch  one  another  in  a  point, 
and  do  not  lie  diredtly  one  againft  the  other  endways:  thus,  fig.  3,  let  the  line  3 
ab  touch  the  line  ac  in  the  point  A,  the  opening  between  thefe  two  lines  is 
called  an  angle. 

Some  define  it  thus,  an  angle  is  the  inclination  towards  each  other  of  two 
lines  which  meet  in  a  point,  &c:  the  difference  between  this  definition  and  the 
former  is  that  in  this,  we  confider  the  relation  between  the  lines,  as  they  come 
towards  the  point  where  they  touch,  in  the  other,  as  they  go  from  it. 

It  is  mentioned  in  both  definitions,  that  the  lines,  in  order  to  form  an  angle, 
muft  not  lie  direcftly  endways,  becaufe  two  ftrait  lines  which  lie  fo  and  touch, 
will  not  form  an  angle,  but  make  one  ftrait  line:  thus,  fig.  4,  the  lines  ab  and  4 
bc  form  one  ftrait  line,  ac:  two  curves  alfo,  which  lie  directly  one  againft 
the  other  endways  and  touch,  will  not  make  an  angle,  but  form  one  curve;  thus, 
fig.  13, the  curves  ae  and  eb  make  one  curve,  aejb?  A  ^  j8  An  13 
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1 8  An  angle  is  re&ilinear,  curvilinear,  or  mixt.  A  re&ilinear  angle  is  formed 
by  two  ftrait  lines, as  in  the  third  figure  ;  a  curvilinear  angle  by  two  curves,  as 
in  the  fifth  figure;  a  mixt  one  by  a  ftrait  line  and  a  cuive,  as  in  tne  fixth  fi¬ 
gure.  I  am  at  prefen t  treating  oi  rectilinear  angles. 

19  The  lines  which  form  an  angle,  are  called  its  legs:  the  point  a,  fig.  3, 
where  they  touch  one  another,  is  the  vertex  of  the  angle,  or  the  angular  point. 

20  Ai/angle  is  ufually  marked  with  three  letters  of  the  alphabet,  or  other 
marks,  one  placed  at  the  vertex,  the  other  two  at  the  other  ends  of  the  legs; 
in  exnrefiing  an  angle,  the  letter  or  mark  at  the  vertex  is  always  named  in  tne 

3  fecond  place :  thus,  the  angle,  fig.  3,  may  be  called  bac  or  cab  ;  by  this  means, 
feveral  angles  which  touch  in  one  point  may  be  diltinguifhed  fiom  one  ano- 

-  ther;  thus,  fig.  7,  there  are  three  angles  touch  in  the  point  a,  viz.  bac,  cad,  and 
bad.  Sometimes,  when  it  can  be  done  without  the  danger  of  occafioning  any 
inifiake  or  ambiguity,  an  angle  is  expreft  by  one  letter  or  mark  only :  thus  I  may 

3  call  the  angle  which  is  drawn  in  the  third  figure,  the  angle  a. 

21  7 he  quantity  of  an  angle  does  not  depend  upon  the  length  of  the  lines 
which  form  it,  but  upon  the  widenefs  of  their  opening:  imagin  the  two  lines 

7  ab  and  ac,  fig.  7,  to  be  fattened  together  at  a,  as  with  a  joint,  fo  as  to  be  move- 
able  like  the  legs  of  a  pair  of  compafifes;  the  wider  you  open  them  afunder,  the 
larger  angle  will  they  form,  the  nearer  you  bring  them  together,  the  Ids  will 

7  the  angle  be  between  them:  thus,  fig. 7,  the  angle  bad  is  greater  than  the  an¬ 
gle  bac.  How  the  quantity  of  an  angle  is  meafured,  will  be  fhewn  when  a 
circle  is  treated  of,  §  30. 

8  22  If  onettrait  line  ab,  fig.  8,  ftands  exactly  upright  upon  another  cd,  be¬ 
tween  the  ends  of  it,  there  will  be  formed  at  the  point  b  two  angles,  viz.  abc 
and  abd,  which  will  be  equal,  becaufe  the  line  ab  is  fuppofed  to  ttand  upright, 
and  not  lean  one  way  more  than  another:  fuch  are  called  right  angles,  and  the 
line  ab  is  faid  to  be,  perpendicular  to  cd.  Two  lines  may  alfo  be  perpendicular 
to  each  other,  and  form  a  right  angle,  when  they  touch  at  one  end,  as  fig.  9. 

23  Any  angle  lefs  than  a  right  one  is  called  an  acute  angle ,  as  fig.  10 ;  any 
angle  greater  than  a  right  one  is  called  an  ohtufe  a?igle,  as  fig.  1 1 :  and  both  a- 
cute  and  obtufe  are  called  oblique  angles. 

24  If  a  ftrait  line  ca,  fig.  12,  be  fixt  at  one  end  c,  and  the  other  end  a  be 
carried  round,  it  will  defcribe  a  figure  called  a  circle :  the  curve  abd  is  the  cir¬ 
cumference,  the  point  c  at  the  immoveable  end  of  the  line  is  the  centre  of  the 
circle;  any  ftrait  line  drawn  through  the  centre  and  terminated  at  each  end  by 

13  the  circumference  is  a  diameter  of  the  circle:  thus,  fig.  13,  ab  and  de  are  dia¬ 
meters.  Every  diameter  divides  a  circle  into  two  equal  parts, which  are  called 

13  femicircles :  any  ftrait  line  drawn  from  the  centre  to  the  circumference,  as  ca, 
cb,  cd,  ce,  is  a  femidiamcter  or  radius  of  a  circle,  25  All 
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25  All  fem  idiame  ter  s  of  the  fame  circle  are  equal;  this  is  evident  from  the  fig, 
manner  of  drawing  a  circle;  for  the  delcribing  line  ac,  fig.  12,  is  fuppofed  to  12 
continue  of  the  fame  length,  ail  the  while  it  is  carried  round;  and  if  a  circle 

be  drawn  with  a  pair  of  compafles,  the  feet  of  the  compafles  are  all  the  while 
kept  at  the  fame  difiance  the  one  from  the  other. 

26  A  circle  is  properly  the  whole  figure,  §  24.;  however,  when  we  name  a 
circle,  we  frequently  mean  the  circumference  only;  fometimes  by  a  circle  is 
meant  only  the  furface  contained  within  the  circumference,  but  this  is  proper¬ 
ly  the  area  of  a  circle:  the  fame  is  to  be  obferved  in  fpeaking  of  a  femicircle. 

27  Ap  iece  of  the  circumference,  is  called  an  arch ,  or  rather  an  arc  of  a  circle  y 
thus,  fig.  14,  the  line  ad  divides  die  circle  into  two  arcs,  acd  and  afd:  a  firait  14 
line  drawn  from  one  end  of  an  arc  to  the  other  is  called  the  chord  of  that  arc: 
thus  the  line  ad  is  the  chord  of  the  arc  acd,  or  of  the  arc  afd. 

28  A  firait  line  is  faid  to  be  a  tangent  to  a  circle  when  it  only  touches  it  in 

a  point,  in  fuch  a  manner,  that,  if  it  were  extended  both  ways  from  the  point 
of  contact,  it  would  not  enter  into  the  circumference,  or  cut  any  part  of  it:  thus, 
fig.  14,  g  11  is  a  tangent  to  the  circle  acdf:  geometers  demonfirate  that  a  ra-  14 
dius  of  a  circle  drawn  to  the  point  of  contact  is  perpendicular  to  the  tangent: 
thus,  fig.  14,  the  radius  ef  is  perpendicular  to  gh  :  EucL  /.  3.  p?~op.  18.  14 

29  Every  circle  may  be  imagined  to  be  divided  into  36c  equal  parts,  which 
are  called  degrees  of  a  circle:  every  degree  into  60  equal  parts,  which  are  call¬ 
ed  minutes ,  every  minute  into  60  fcconds,  every  fecond  into  60  thirds ,  £cc:  the 
mark  for  a  degree  is°,  for  a  minute for  a  fecond",  &c:  forty  four  degrees  feven 

minutes  fifty  two  feconds  are  thus  expreft,  44  0  7  5 2  • 

30  The  quantity  of  an  angle  is  found,  by  taking  its  vertex  for  a  centre,  draw¬ 
ing  a  circle  which  {hall  cut  the  legs  of  the  angle,  and  meafuring  the  arc  con¬ 
tained  between  the  legs:  thus,  to  meafure  the  angle  lcm,  fig.  i5,fet  one  toot  1- 
of  a  pair  of  compafies  in  the  vertex  c,  and  open  them  to  any  difiance  at  pwa- 
fure,  fo  that  the  other  foot  of  the  compafles  may  draw  a  circle  cutting  l'ome- 
where  the  two  legs  of  the  angle,  as  the  circle  abde  does  at  the  points  a  and 

b,  let  the  circumference  be  divided  into  360°,  anc^  obferve  how  many  degrees 
are  contained  in  the  arc  ab,  for  of  fo  many  degrees  is  the  angle  laid  to  be:  in 
the  prefent  example  the  arc  ab  is  450,  therefore  the  angle  lcm  is  an  angle  ol  45  . 

31  The  quantity  of  an  angle  will  be  found  the  fame,  of  what  iize  foever 
the  circle  be  drawn  that  meafures  it:  thus,  if  inftead  of  abde,  which  for  ui-  1; 
fiindlion,  may  be  called  the  black  circle ,  the  angle  lcm  be  meafured  by  a  lar¬ 
ger  one,  as  the  pointed  circle  fghi,  divided  into  360°;  I  fay  tbe  arc  fg  will  con¬ 
tain  the  fame  number  of  degrees  as  the  arc  ab  does,  and  confequently  give  you 

the  fame  meafure  of  the  angle  lcm  :  for  if  you  imagin  the  line  lc  10  be  carried 

round 
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Fig.  round  the  point  c,  according  to  the  order  of  the  letters  fghi,  it  is  manifeft 
1 5  that  the  point  f  will  defcribe  the  whole  pointed  circle,  in  the  fame  time  that 
the  point  a  tiefcribes  the  whole  black  circle :  therefore  when  the  line  lc  is  car¬ 
ried  any  part  of  its  round,  as  into  the  fituation  mc,  the  point  f  will  have  de¬ 
fer  ibed  juft  as  great  a  part  of  the  pointed  circle,  as  the  point  a  will  have  de¬ 
ferred  of  the  black  circle;  that  is,  the  arcs  fg  and  ab  fhall  each  of  them  bear 
the  fame  proportion  to  its  refpeCtive  circle:  fo  that  if  fg  is  an  eighth  part  of 
the  pointed  circle,  ab  will  be  an  eighth  part  of  the  black  circle:  if  one  of  thefe 
arcs  be  450,  die  other  fhall  be  likewife  of  the  fame  number  of  degrees. 

32  It  is  in  confequence  of  this  laft  propofition,  that  we  are  able  with  a  fmall 
circle,  or  piece  of  a  circle,  of  brafs  or  wood,  to  meafure  arcs  in  thofe  vaft  cir- 

,6  cles  which  we  imagin  in  the  ftarry  heaven  it  felf:  for  let  abde,  fig.  16,  be  a 
circle  of  brafs,  whofe  circumference  is  divided  into  360°,  let  f  and  g  be  two 
ftars,  whofe  diftance  from  oneanother  is  to  be  meafured :  if  the  ftar  g  be  view¬ 
ed  through  two  lights  placed  in  the  line  cb,  the  eye  being  at  c,  and  at  the  fame 
time  the  ftar  f  be  viewed  through  two  fights  in  a  moveable  ruler,  whofe  edge 
lies  upon  the  line  ca,  then  will  the  number  of  degrees  in  the  arc  ab  of  the  brafs 
circle,  which  in  the  prefent  example  is  40°,  fhew  the  number  of  degrees  in  fg, 
an  arc  of  a  circle  imagined  to  be  drawn  in  the  heayen  through  the  ftars  f  and 
G;  and  the  diftance  of  thofe  ftars  is  faid  to  be  40°. 

33  To  fave  the  trouble  of  dividing  a  circle  into  360°,  in  order  to  meafure 
the  degrees  of  an  angle, you  may  make  ufe  of  aninftrument  calleda  protra5iory 
which  is  a  femicircle  of  filver  or  brafs  divided  into  degrees,  and,  if  it  be  large 
enough  to  admit  of  luch  divifion,  into  halves  and  quarters  of  a  degree:  the  fe- 
venteenth  figure  gives  the  picture  of  the  protraCtor,  the  manner  of  tiling  it  is 

i7  as  follows:  if  it  be  required  to  meafure  the  angle  lcm,  fig.  17,  lay  the  central 
point  of  the  protractor  upon  c,  the  vertex  of  the  angle,  with  the  femidiameter 
of  the  protractor  cb  upon  cm,  one  of  the  legs  of  the  angle;  the  arc  of  the  pro¬ 
tractor  pb  contained  between  the  legs  of  the  angle  fhews  the  number  of  de¬ 
grees  the  angle  lcm  contains,  which  in  the  prefent  example  is  450. 

34  By  the  fame  inftrument  may  an  angle  be  drawn  of  any  number  of  de¬ 
ss;  grees  required:  thus,  to  lay  down  an  angle  of  450;  drawaftrait  line  at  pleafure 

cm,  lay  upon  it  the  femidiameter  of  the  protraCtor  cb,  fo  that  its  central  point 
may  fall  upon  one  end  of  the  line,  as  c,  make  a  mark  d  with  a  pen,  clofe  to  the 
circumference  of  the  protraCtor,  at  the  divifion  of  45°,  take  off  the  protractor, 
and  draw  a  line  from  Q  through  p,  a§  cpl  :  the  angle  lcm  will  be  of  450,  as 
was  required. 

3  5  A?i  axiom  is  a  felf  evident  propofition :  fuch  are  thefe  that  follow ; 
/^xiom  1,  Thefum  of  all  the  parts  is  equal  to  the  whole.  2  If  equal  quanti¬ 
ties 
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ties  be  added  to  equal  ones,  the  fums  thereby  produced  will  be  equal.  3  If  Fig 
from  equal  quantities  equal  ones  be  taken,  the  remainders  will  be  equal.  4  If 
any  two  quantities  are  equal  to  a  third  quantity,  they  are  equal  to  one  another. 

5  Thofe  quantities  which  having  a  third  quantity  added  to  them  or  taken  from 
them  are  equal,  are  equal  themfelves. 

3  6  Thofe  angles  which  are  meafured,  or  as  they  fometimes  fpeak,  fubt ended 
by  equal  arcs  of  the  fame  circle,  are  equal:  thus,  if  the  arc  ad,  fig.  18,  be  equal  18 
to  the  arc  ae,  the  angles  acd  and  ace  are  equal;  this  is  evident  from  the  way 
of  meafuring  angles,  which  is  taught,  §  30. 

•  37  If  onedrait  line  ac  falls  upon  another,  ED,any  where  between  the  ends 
of  it,  fig.  18,  there  will  be  formed  two  angles  acd  and  ace,  which  have  one  18 
leg  ac  common  to  them  both:  fuch  may  be  called  confequent  angles. 

•38  The  meafure  of  any  two  confequent  angles  acd  and  ace  is  a  femicircle,  is 
or  180°;  for  if  from  their  common  vertex  c  you  draw  a  circle  adbe,  cutting 
their  legs  in  the  points  a,  d,  and  e,  then  de  fhall  be  a  diameter,  and  e  ad  a  fe¬ 
micircle,  by  §  24 ;  but  ead  is  the  meafure  of  the  angles  acd  and  ace;  §  30. 

•39  Any  two  confequent  angles  acd  and  ace  are  equal  to  two  right  ones:  for  18 
if  ac  be  perpendicular  to  de,  then  the  angles  acd  and  ace  are  right  ones,  by 
the  definition  of  aright  angle,  §  22:  if  fc  be  drawn  oblique  to  ed,  then  I  fay 
the  oblique  angles  FCDand  fce  are  equal  to  the  two  right  angles  ACDand  ace 
by  the  foregoing  propolition,  becaufe  they  have  the  fame  meafure  as  they  have, 
m.  the  femicircle  ead.  / 

•40  If  two  confequent  angles  be  divided  into  a  greater  number  of  angles, by  more 
lines  drawn  to  the  vertical  point,  fig.  19,  the  lum  of  all  thele  angles  a,b,c,d,  is  19 
equal  to  two  right  angles;  for  a  femicircle  efg  meafures  them  all,  and  it  is  dill 
the  lame  quantity  of  two  right  angles,  divided  into  a  greater  number  of  parts. 

•41  Iftwodrait  lines  cut  one  another,  fig.  20,  the  tour  angles  a, b,  c,d,  round  20 
the  point  of  interfedfion  are  equal  to  four  right  angles:  detnonjlr at  ion  y  a  andB  are 
equal  to  two  right  angles,  becaufe  they  are  confequent,  §  39 ;  d  and  c  are  equal 
to  two  right  angles,  for  the  fame  reafon,  being  alfo  confequent;  therefore  the 
fum  of  a,b,c,d, is  equal  to  four  right  angles;  which  was  the  thing  to  be  proved. 

*42  Since  a  femicircle  meafures  two  right  angles,  §  38  and  39,  a  quarter  or  a 
circle  90°,  or,  as  it  is  frequently  called,  a  quadrant ,  is  the  meafure  of  one  right 
angle;  a  whole  circle  360°  is  the  meafure  of  four  right  angles. 

*  • Corollary .  If  more  than  two  ilrait  lines  crofs  one  another  in  a  point,  fig.  2 1,  2 1 
all  the  angles  a,b,c,d,e,f,  formed  round  the  point  are  equal  to  four  right  ones: 
for  the  meafure  of  them  all  is  a  circle,  as  appears  by  the  figure. 

43  If  twodrait  lines  ab  and  de,  fig.  22,  interfedt  one  another,  there  will  be  22 
formed  round  the  point  of  interfedfion  c,  four  angles,  whereof  any  two  oppo- 

fite 
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fig.  fite  to  each  ether  at  the  vertex  are  called  vertical:  in  the  figure  before  us,  the 

22  two  acute  angles  acd  and  bce  confidered  together  are  called  vertical  angles , 
in  like  manner  the  two  obtufe  angles  ace  and  bcd  are  vertical. 

22  44  All  vertical  angles  are  equal:  in  the  figure  lad  mentioned,  the  two  acute 

angles  are  equal,  the  two  obtufe  angles  are  alfo  equal:  •  demonft ration,  acd  and 
ace  are  equal  to  two  right  angles,  being  confequent,  §  39;  ace  and  ecb  are 
equal  to  two  right  angles,  for  the  fame  reafon:  therefore,  §  35  axiom  5,  acd 
and  ecb  are  equal 5  which  was  to  be  proved. 

* 3  45  T  wo  lines  as  ab  and  cD,fig.  23 :  are  faid  to  be  parallel ,  when  they  are  in 

every  part  at  equal  didances  from  one  another:  the  didance  between  parallel 
lines  is  meafured  by  other  lines  drawn  perpendicular  to  them,  as  the  pointed 
lines  are  in  this  figure;  if  thefe  pointed  lines  are  all  equal,  the  lines  ab  and 
cd  are  parallel :  the  oppofite  edges  of  a  fiat  ruler,  which  is  made  throughout 
of  the  fame  breadth,  will  ferve  very  well  to  reprefent  parallel  lines. 

46  Parallel  lines,  to  what  length  foever  they  be  extended,  will  never  meet, 
but  continue  dill  equididant  from  each  other. 

£4  *47  If  a  drait  line  pr  erodes  two  parallel  lines  lm  and  no,  fig.  24,  it  will  have 

the  fame  inclination  to  both;  if  it  is  perpendicular  to  one,  it  will  be  fo  to  the 
other;  if  it  erodes  one  obliquely,  it  will  crofs  the  other  with  the  fame  obliqui¬ 
ty:  that  is,  the  angle  a  will  be  equal  to  b,  and  the  angle  c  to  d  ;  this  is  evident 
from  conddering  the  interfering  line  as  inflexible,  which  therefore  cannot 
bend  from  or  towards  one  line  more  than  the  other,  if  they  are  parallel,  as  is 
fuppofed  in  the  propodtion. 

25  *48  If  a  drait  line  pr  cuts  two  parallel  lines  lm  and  no,  fig.  25,  it  makes 

with  them  eight  angles:  four  of  which,  a,  b,  h,g,  are  external ;  the  other  four 
c,  d,  e,  f,  are  internal.  The  angles  d  and  e  confidered  together,  are  called  alter¬ 
nate  ^  as  are  alfo  c  and  f.  The  angles  e  and  a  confidered  together,  are  called  op¬ 
pofite  angles  on  the  fame  fide ,  as  are  alfo  b  and  f.  The  angles  c  and  e  confidered 
together,  are  called  internal  angles  on  the  fame  fide,  as  alfo  are  d  and  f. 

25  '49  The  alternate  angles  c  and  f,  fig.  25,  are  equal;  demonfiration ,  c  is  equal 

toBjbecatife  they  are  vertical,  §  44,  b  is  equal  to  F,by  §  47,  therefore  c  is  equal 
to  F;  which  was  to  be  proved.  In  the  fame  manner,  d  and  e  may  be  proved 
equal  to  one  another,  as  being  both  equal  to  a. 

25  '  50  The  internal  angles  on  the  fame  fide  d  and  f  are  equal  to  two  right  ones: 

demonfiration ,  f  is  equal  to  c  by  the  preceding  propofition,  being  alternate;  c 
and  d  are  equal  to  two  right  angles,  being  confequent,  §  39  ;  therefore  by  §  3 y, 
axiom  5,  d  and  f  are  equal  to  two  right  angles;  which  was  to  be  proved. 

*  5 1  One  propofition  is  called  the  converfe  of  another,  when  after  a  conclu- 
fion  is  drawn  from  fome thing  fuppofed,  in  the  converfe  propofition,  that  con- 

clufion 
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clufion  is  firft  fuppofed,  and  then  that  which  was  before  fuppofed,  is  drawn  f 
from  it  as  a  conclufion:  for  example,  in  this  proportion,  if  two  parallel  lines 
are  eroded  by  a  third,  the  alternate  angles  will  be  equal;  the  fuppofition  is,  that 
the  lines  are  parallel,  the  conclufion,  that  the  angles  are  equal:  the  converfe  of 
this  propofition  is,  if  the  alternate  angles  are  equal,  the  lines  are  parallel;  here 
the  fuppofition  is,  the  angles  are  equal,  and  the  conclufion,  that  the  lines  are 
parallel.  In  geometry  wherever  the  infeparable  and  incommunicable  proper¬ 
ty  is  found,  there  is  the  thing  itfelf;  and  every  propofition  about  fuch  proper¬ 
ties  infers  the  truth  of  its  converfe. 

52  A  triangle  is  a  plane  figure  enclofed  by  three  lines,  which  meet  and  form 
three  angles.  The  lines  which  form  a  triangle  are  called  its  Jidesy  if  the  (ides 
are  all  flrait  lines,  it  is  a  plane  triangle y  if  they  are  all  curves,  it  is  a  curvilinear 
one;  if  they  are  of  both  kinds,  it  is  a  mixt  triangle:  we  are  at  prelent  treating 
of  plane  triangles:  in  every  triangle  an  angle  may  be  faid  to  be  oppofite  to  a  fide, 
or  a  fide  oppofite  to  an  angle:  thus  fig.  29,  the  angle  c  is  oppofite  to  the  fide  b  a,  29 
the  angle  b  is  oppofite  to  the  fide  ca,  and  the  angle  a  to  the  fide  bc:  in  the 
fame  figure,  the  fide  ba  is  oppofite  to  the  angle  c,  the  fide  bc  is  oppofite  to 
the  angle  a,  and  the  fide  ca  to  the  angle  b. 

53  A  triangle  may  have  all  its  tides  and  all  its  angles  equal,  as  fig.  26;  or  26 
only  two  tides  and  two  angles  equal,  as  fig.  27;  or  all  the  fides  and  all  the  an-  27 
gles  may  be  different,  as  fig.  28.  A  right-angled  triangle  is  that  which  has  one  aS 
of  its  angles  a  right  one:  an  obtufe-angled  triangle  is  that  which  has  one  obtufe 
angle :  an  acute-angled  triangle  is  that  which  has  all  its  angles  acute. 

54  Sometimes  we  call  one  fide  of  a  triangle  the  bafe ,  and  then  the  other  two 
fides  are  called  its  legs:  any  fide  of  a  triangle  may  be  confidered  as  its  bafe;  but 
we  commonly  call  that  fo  which  lies  neareft  to  us,  when  we  view  the  trian¬ 
gle:  thus,  fig.  29,  ac  is  the  bafe  of  the  triangle  abc. 

55  In  every  triangle  abc,  fig.  29,  the  three  angles  a  and  b  and  c,  taken  to-  29 
gether,  are  equal  to  two  right  ones:  *  de  monfir  at  ion ,  if  through  the  vertex  of 
the  angle  b  the  line  fe  be  drawn  parallel  to  the  bafe  ac,  the  lines  ba  and 
bc  may  be  confidered  as  falling  upon  thefe  two  parallel  lines;  and  then  the 
angles  a  and  abe  are  equal  to  two  right  ones,  being  internal  oppofite  on  the 
fame  fide,  §  50:  now  the  angle  abe  contains  the  two  angles  B  and  d;  therefore 

A  and  b  and  d  are  equal  to  two  right  ones,  but  d  and  c  are  equal, becaufe  alter¬ 
nate,  §  49 ;  therefore  a  and  b  and  c  added  together  are  equal  to  two  right  am 
gles;  which  was  to  be  proved.  Eucl.  /.  1.  p.  32.  This  propofition  is  faid  to 
have  been  invented  by  Pythagoras ,  and  is  brought  by  Arifiotle  and  others  as  an 
example  of  a  perfect  demonftration:  many  corollaries  or  conclufions  may  be 
drawn  from  it,  among  which  thefe  that  follow  are  the  moil  ufeful 

B  Cor,  i, 
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Cor  i  The  fum  of  the  angles  of  any  one  triangle  is  equal  to  the  fum  of  the 
'  angles' of  any  other  triangle ; !«,  1 80°,  or  two  right  angle,  2,  The  quantity 
or  number  of  degrees,  of  any  one  angle  of  a  triangle  being  given  or  known,  the 
quantity  of  the  other  two  angles  may  be  known:  thus,  in  the  preceding  guie, 
if  the  angle  a  be  70°,  the  fum  of  the  angles  b  and  c  will  be  1 10  :  for  70  ad¬ 
ded  to  no0  is  1800.  3, The  quantity  of  two  angles  of  a  triangle  being  give.  , 

,  the  quantity  of  the  remaining  angle  may  be  known:  thus,  in  fig.  29, if  the ^m 
of  the  angles  B  and  c  be  1 1  0°,  the  quantity  of  the  angle  a  is  70  4.  If  two  an¬ 

gles  in  one  triangle  are  equal  to  two  angles  in  another  triangle,  the  remaining 
angles  are  equal.  5,  In  every  right-angled  triangle  one  acute  angle  is  tbecom- 
■bkment  of  the  other  to  90°.  6,  If  one  angle  in  a  triangle  be  a  right  one,  the 
other  two  angles  are  acute.  7,  If  any  right-angled  triangle  has  one  acute  ang  e 
equal  to  one  of  the  acute  angles  of  another  right-angled  triangle,  thofe  man- 

2les  are  equiangular.  .  . 

r  6  Trigonometry  is  the  art  of  meafuring  triangles;  to  meafure  a  tnange  1 

to  find  out  the  quantity  of  every  angle  of  it,  and  the  length  of  every  1  e: 
fometimes,  by  meafuring  a  triangle  we  mean  finding  out  the  area  of  it,  t 
way  of  doing  this  fee  below,  §  64.  There  are  in  every  triangle  fix  things  chiefly 
to  be  confidered,  viz.  three  angles  and  three  fides ;  trigonometry  teaches  us  how 
we  may,  if  feme  ofthefe  are  given,  find  out  all  the  reft:  the  corollaries  im¬ 
mediately  preceding  point  out  to  us  fome  of  the  firft  fteps  to  be  taken  in  tri¬ 
gonometry  ;  before  any  further  progrefs  therein  is  attempted,  feveral  things  are 
to  be  premifed ;  and  firft  it  is  necelfary  to  treat  of  quadrilateral  figures,  or  luch 

as  have  four  fides.  .  ,  .  r 

r7  If  a  quadrilateral  figure  has  either  its  oppofite  fides  or  its  oppolite  an- 

„0  °des  unequal,  it  is  called  a  trapezium ,  fig.  30.  If  a  quadrilateral  figure  has  its 

oppofite  fides  parallel,  it  is  called  a  parallelogram,  as  figg.  3  i>32>33>34>35>3^* 
If  a  parallelogram  has  all  its  angles  right  ones  and  all  its  fides  equal,  it  is  ca  - 
3  .  ed  a  [quart,  fig.  31.  If  a  parallelogram  has  all  its  angles  right  ones  and  only 
„2  its  oppofite  fides  equal,  it  is  called  a  reblangled  parallelogram,  or  more  ufually 

33  a  rectangle,  figg.  32,  33-  'K*  parallelogram  has  all  its  angles  oblique  and  a 

34  its  fides  equal,  it  is  called  a  rhombus,  fig.  34.  Tf  all  the  angles  of  a  pat  allelog  a 

35  are  oblique,  and  only  the  oppofite  fides  equal,  it  is  called  a  rhomboid  kg.  35. 

<8  A  parallelogram  is  named  by  felting  down  the  four  letters  or  other  marks 
placed  at  the  four  corners  of  it,  and  fometimes  by  mentioning  only  two  letters 
,6  or  marks  placed  attwo  oppofite  corners;  thus  the  36'*  figure  maybe  called  the 
parallelogram  abcd,  or  the  parallelogram  ac,  01  bd.  . 

ro  The  generation  or  formation  of  a  parallelogram  may  be  conceived  in  the 

following  manner;  let  it  be  fuppofed  that  a  right  line  ab,  fig.  37,  which  may 
0  be 
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be  called  a  defcribent ,  is  carried  or  moved,  fo  as  to  beall  the  while  parallel  to  it-  Fig- 
felf  in  its  firfl:  fituation,  along  another  line  ae*  which  will  be  a  dirigent  \  when  37 
the  defcribent  has  moved  from  its  fituation  AB,and  is  come  into  the  fituation 
ef,  the  furface  it  has  pafled  over  or  defcribed  is  the  parallelogram  abfe. 

60  T’he  menfuration  offquares  and  reft  angles  is  eafily  underftood,  from  con- 
fidering  the  manner  in  which  they  are  generated:  let  it  be  fuppofed  that  the 
defcribent  ab  is,  before  its  motion,  divided  into  any  number  of  equal  parts,  37 
as  4,  and  the  dirigent,  which  in  order  to  generate  a  redtangle  or  fquare  muft 
fland  at  right  angles  to  the  defcribent,  into  as  many  of  the  like  parts  as  it  con¬ 
tains:  for  example,  let  the  length  of  the  defcribent  be  4  inches,  and  the  length 
of  the  dirigent  6;  when  the  defcribent  has  moved  one  inch  upon  the  dirigent, 
the  furface  defcribed  by  it  will  be  4  fquare  inches;  when  it  has  moved  2  in¬ 
ches  upon  the  dirigent,  it  will  have  defcribed  4  more,  in  all  8  fquare  inches 
(sV;whenithas  moved  upon  the  dirigent  a  length  equal  to  its  own,m.  4  inches, 

it  will  then  have  defcribed  a  fquare  abcd,  which  contains  an  area  4  times 4, 
that  is  16  fquare  inches:  let  this  motion  of  the  defcribent  be  continued  till  it 
has  moved  upon  the  dirigent  the  whole  6  inches,  and  it  will  then  have  de¬ 
fcribed  a  rectangle  abfe,  whofe  area  is  fix  times  4,  that  is  24 ;  fquare  inches. 

6 1  From  hence  it  appears,  that  the  way  to  find  the  area  of  any  rectangle  af,  3  7 
is  to  meafure  two  contiguous  fides  of  it,  as  ab  and  ae,  and  fee  what  number 
of  feet,  inches,  or  tenths  of  an  inch,  or  any  other  known  meafure,  each  fide  con¬ 
tains,  and  to  multiply  the  number  of  feet,  inches,  &c  of  one  fide  by  the  num¬ 
ber  of  feet,  inches,  &c.  of  the  other  fide:  thus,  if  ab  is  4  inches  and  ae  6,  mul¬ 
tiply  thofe  numbers  4  and  6  together,  and  the  product  24  is  the  number  of 
fquare  inches  contained  in  the  rediangle  af  :  fince  all  the  fides  of  a  fquare  are 
equal,  the  area  of  a  fquare  is  found  by  multiplying  any  one  of  its  fides  by  it- 
felf:  thus  if  a  room  is  fquare,  and  has  each  fide  12  feet  long,  the  area  of  the 
floor  is  12  times  12,  that  is  144  fquare  feet. 

62  Not  only  fquares,  and  rectangles,  but  all  other  kinds  of  plane  figures,  as 
circles,  triangles,  &c  have  the  quantity  of  their  areas  exprefl,  by  faying  how 
many  fquare  feet,  fquare  inches,  &c,  they  contain;  the  fame  way  of  meafuring 
is  alfo  applicable  to  convex  or  concave  furfaces,  as  well  as  plane  ones;  thus,  I 
may  find  how  many  fquare  feet  &c.  are  contained  in  the  furface  of  a  moun¬ 
tain  or  valley,  or  even  of  the  whole  earth  it  felf.  I  fhall  now  drew  the  method 
of  meafuring  the  areas  of  fuch  plane  figures,  as  we  may  have  occafion  to  con- 
iider  in  the  following  work;  the  demonftrations,  which  are  here  omitted,  may 
be  feen  in  the  common  books  of  geometry. 

63  All  parallelograms,  whether  oblique-angled  ones  or  redlangles,  having 
equal  bafes  and  equal  perpendicular  heights  are  equal:  EucL  1.35.  thus,  fig.  38,  3 s 
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3.  the  redangle  Ac  and  the  oblique  parallelogram  cf  are  equal,  if  their  bafes  DC 

3 8  and  ce  are  equal,  and  if  they  have  the  fame  perpendicular  height  ad  and  fi,  fo 
that  both  of  them  can  hand  between  the  fame  parallel  lines  af  and  di:  from 
hence  it  follows,  that  the  way  to  find  the  area  of  any  oblique-angled  parallelo¬ 
gram  as  cf,  fig.  38,  is  this 3  multiply  the  bafe ^e-by  the  perpendicular  height 
fi,  and  the  product  is  the  area. 

64  A  Strait  line  drawn  from  any  corner  of  a  parallelogram  to  the  oppofite 

36  one  is  called  a  diagonal:  thus, fig.  36,  ac  is  a  diagonal.  Every  diagonal  divides 

36  a  parallelogram  into  two  equal  triangles:  thus,  fig.  36,  abc  and  adc  are  equal, 

as  is  eafy  to  demonftrate,  Eucl.  1.  1.  p.  34:  and  therefore,  every  triangle  is  half 
a  parallelogram  which  has  the  fame  bafe  and  the  fame  perpendicular  height: 

39  therefore,^  find  the  area,  of  any  triangle  bac,  fig.  39,  multiply  the  bafe  ab  by 
the  perpendicular  height  cd,  and  half  the  produd  is  the  area. 

65  *  A  polygon  fignifies  a  plane  figure  with  many  angles:  no  figure  is  called 
•by  that  name  which  has  not  more  than  four  angles:  many  polygons  are  called 
•by  particular  names,  exprefiing  the  number  of  angles  they  contain,  which  is 
•always  the  fame  with  the  number  of  their  Sides;  thus  if  a  polygon  has  five  an- 
•gles  or  fides,  it  is  called  a  pentagon :  if  fix,  an  hexagon :  if  feven,  an  heptagon: 
•if  eight,  an  off  agon:  Sec.  thefe  are  all  called  regular ,  when  their  angles  and  fides 
•are  all  equal,  and  are  understood  to  be  regular  when  nothing  is  faid  to  the  con- 

}.o  *trary.  Any  polygon,  fig.  40,  may  be  divided  into  as  many  triangles  as  it  has 
•fides,  if  any  where  within  the  polygon,  you  take  a  point  g,  and  from  thence 
•draw  a  line  to  every  angle  a,b,c,d,e,f  :  the  area  of  any  polygon  is  the  fum  of 
•the  areas  of  the  feveral  triangles  into  which  it  is  thus  divided. 

41  66  To  find  the  area  of  any  irregular  plane  figure  abcde,  fig.  41,  let  it  be  di¬ 
vided  into  triangles  by  drawing  lines  from  one  angle  to  another,  as  is  here  done, 
find  the  area  of  each  of  thofe  triangles,  by  §  64,  the  fum  of  them  is  the  area 
of  the  whole  figure. 

67  To  find  the  area  of  a  circle  is  the  fame  thing  as  to  find  the  quantity  of 
its  furface  in  fquare  meafure,  which  is  commonly  called,  to  fquare  the  circle-, 
this  may  be  done,  if  we  can  find  a  fquare,  triangle,  or  any  other  rectilinear  plane 
figure,  equal  to  the  circle;  becaufe  the  area  of  any  fuch  figure  may  be  found, 
by  §  64  and  66;  for  this  purpofe,  the  following  proposition  is  demonstrated 
by  geometers,  a 

42  The  area  of  any  circle  ade,  fig.  42,  is  equal  to  the  area  of  a  right-angled 
triangle  bac,  which  has  one  leg  ac  equal  to  the  radius,  and  the  other  leg  ab 
equal  to  the  circumference  of  the  circle. 

Scholium ,  the  only  difficulty  here  is  to  find  a  Strait  line  equal  to  the  circum¬ 
ference,  the  radius  being  given,  or,  which  is  the  fame  thing,  to  find  the  ratio 
between  the  diameter  an  d  circumference ;  this  can  never  be  done  exactly,  though 

a  Tacqiiet' s  Geometric  praftica  l  z.  cap.  iz.  Par  die  Geometr.  1.  4.  p.  31.  We 
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we  may  come  as  near  exadtnefs  as  we  pleafe :  we  fay  in  grofs,  and  inaccurately, 
that  the  diameter  of  a  circle  is  to  its  circumference  as  1  is  to  3;  fo  that  if  the  di¬ 
ameter  of  a  circle  is  one  foot,  the  circumference  of  it  will  be  about  3  feet :  but 
thefe  numbers  are  fit  only  for  fuch  ufes  as  do  not  require  much  exaftnefs. 
Archimedes  found  the  diameter  of  a  circle  to  be  to  the  circumference  as  7  to 
22;  this  is  exaft  enough  for  many  ufes:  Ludolf  van  Ceulen ,  by  a  laborious  cal¬ 
culation,  found  the  ratio  between  the  diameter  ofa  circle  and  its  circumference, 
in  numbers  of  36  places  each;  this  was  looked  upon  to  be  fo  confiderable  a  per¬ 
formance,  that  the  numbers  (land  engraved  upon  his  tombflone,  to  perpetuate 
the  memory  thereof:  His  numbers  are  thefe 

if  the  diameter  be  100000,  000000,  000000,  000000,  ooooco,  000000, 

the  circumference  will  be  3 14159,  265358,97932$,  846264,  $38327,950288, 
in  thefe  numbers,  that  by  which  the  circumference  is  exprelt  is  too  fmall ; 
and  yet  if  inftead  of  (8),  the  firft  figure  upon  the  right-hand,  we  were  to  put 
the  figure  (9),  the  number  expreffing  the  circumference  would  then  be  too 
great;  with  either  of  thefe  figures,  it  is  fo  near  the  truth,  that  the  diameter  of  the 
earth  being  given,  we  might  from  thence  compute  the  number  of  fands  equal 
to  the  folid  content  of  the  whole  earth,  fo  near  as  not  to  differ  one  grain  of  fand 
from  the  truth.  Van  Ceulen  s  numbers  have  been  doubled  by  that  induflrious 
arithmetician  Mr  Abraham  Sharp ;  this  has  carried  the  affair  to  an  accuracy 
almoft  beyond  belief;  fufficient,  if  the  diameter  of  the  fphere  of  the  fixt  liars 
were  given,  in  grains  of  fand  to  compute  the  number  of  grains  of  fand  which 
might  be  contained  in  the  concavity  thereof. 

68  We  fhall  be  exadl  enough  for  mofl  purpofes,  if  we  take  thefe  numbers 
only  as  far  as  the  four  lafl  places  on  the  left  hand,  and  fay  the  diameter  of  a 
circle  is  to  its  circumference,  as  1000  to  3141:  with  thefe  numbers,  by  the 
help  of  the  golden  rule,  the  diameter  of  a  circle  being  given,  the  circumference 
may  be  found:  or  the  circumference  being  given,  the  diameter  may  be  found, 
very  near  the  truth.  See  this  whole  affair  treated  of  more  at  large,  by  Racquet, 
in  his  Geometria  praBica ,  1.2.  c.  12,  G?  JeleBa  theoremata  ex  Archimede,  prop. 
6:  fee  all'o  Sherwin  s  tables  p.  53. 

Exajnple  1,  If  the  circumference  of  a  circle  be  138204  feet,  how  many  feet 
is  its  diameter?  the  anfwer  is  44000  feet;  for  by  the  golden  rule, 

3I4I  ; dreumf.  138204  feet  IOOO  :  diam'  44OOO. feet. 

Example  2,  If  the  diameter  of  a  circle  be  2000  feet,  how  many  feet  is  the 
circumference  of  it?  the  anfwer  is  62  82  feet;  for 

SOOO\diam  2000  feet  :  :  3141  I'ircumf  6282  feet . 
the  diameter  and  circumference  of  a  circle  being  thus  found,  by  either  of  them 
being  given,  multiply  half  the  diameter  by  half  the  circumference,  the  pro¬ 
duct  is  the  area  of  the  circle,  by  §  64  and  67. 

69  A 
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Fig.  *6q  A  plane  number  is  that  which  may  be  produced  by  the  multiplication 

of  one  number  by  another:  thus,  6  is  a  plane  number,  becaufe  it  may  be  pro¬ 
duced  by  the  multiplication  of  3  by  2,  for  two  times  3  is  6 ;  again,  1 5  is  a  plane 
number,  becaufe  it  is  the  product  of  5  multiplyedby  3.  Thofe  numbers  which 
multiplyed  by  each  other  produce  a  plane  number,  are  called  the  fides  of  the 
plane:  thus  5  and  3  are  the  fides  of  the  plane  15.  If  we  fuppofe  the  units  of 
which  any  plane  number  confifis,  to  be  reprefented  by  little  fquares,  thofe 
fun  ares  may  be  placed  in  the  form  of  a  redangle}  thus,  the  number  15  may 

43  be  reprefented  by  a  rectangle,  one  of  whofe  fides  is  3,  the  other  5:  fig  43. 

•  70  A  fquare  number  is  a  plane  number  whofe  fides  are  equal  3  the  product  of 
any  number  multiplyedby  it  felf  is  therefore  always  a  fquare  number:  thus,  4 

44  is  a  fquare  number,  becaufe  it  may  be  produced  by  multiplying  2  by  2,  fig.  44  j 

43  a  .rain -  let  3  be  multiplyed  by  3,  the  product  is  9,  a  fquare  number,  fig.  45  J  let4 

46  be  multiplyedby  it  fell,  trie  product  will  be  the  fquare  numbei  16,  fig.  4 6,<fsV. 
T^  e  fide  of  a  fquare  is  called  the  fquare  root  of  that  number,  tnus  4  is  the  fquare 
root  of  16.  Every  fquare  number  may  be  ranged  in  form  of  a  fquares  and 
the  converfe  of  this  is  true,  viz.  that  every  number  which  can  be  ranged  in 
the  form  of  a  fquare  is  a  fquare  number  3  fee  the  three  figures  immediately  pre¬ 
ceding  We  are  taught  in  the  common  books  of  arithmetic  how  to  find  out 
the  fides,  or,  as  it  is  ufually  called,  to  extract  the  fquare  root  of  any  number 
o  iven  3  if  a  number  is  a  fquare,  its  root  may  be  found  exactly  in  whole  num¬ 
bers}  thus  the  fquare  root  of  16  is  4  •  if  a  number  is  not  exactly  fquare  as  17, 

47  £7.47,  its  root  cannot  be  found  exactly  in  whole  numbers, but  inftead  there¬ 
of  it  is  ufual  to  take  the  root  of  the  next  fquare  number  below  it,  as  16,  and 
make  ufe  of  it  with  fome  fraction, 

•  7 1  By  comparing  lines  and  numbers  together,  we  fee  that  a  redangle  in 
geometry  is  the  fame  to  the  lines  by  which  it  is  generated,  as  the  product  in 
arithmetic  is  to  the  numbers  from  the  multiplication  whereof  it  arifes:  the 
fquare  of  a  number  is  the  product  of  that  number  multiplyed  by  it  felf,  and 
the  fquare  of  a  line  is  the  fquare  produced  by  the  multiplication  of  the  line  into 
itfelf,  that  is,  by  imagining  a  deferibent  to  be  carried  along  a  dirigent  equal 
to  itfelf,  as  already  has  been  explained  §  60. 

'72  One  kind  of  quantity  is  frequently  exprefi  by  another:  numbers  will 
ferve  to  exprefs  all  kinds  of  quantity}  thus,  if  I  compare  two  cannon  balls  to¬ 
gether,  and  find  the  weight  of  one  double  to  the  weight  of  the  other,  I  may 
exprefs  the  weight  of  the  heaviefi  ball  by  the  number  8,  and  the  weight  of 
the  other  by  the  number  4:  in  the  fame  manner  may  different  quantities  of 
motion,  of  heat,  light,  &c.  be  exprefi;  by  numbers:  all  kinds  of  quantity  may 
be  alfo  exprefi  by  lines 3  thus,  I  may  exprefs  the  time  of  one  hour  by  a  line  of 

a  deter- 
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a  determinate  length,  and  the  time  of  two  hours  by  a  line  twice  as  long  as  the 
former:  ^different  quantities  may  be  alfo  expreft  by  rectangles  or  fquares  of 
different  magnitude ;  by  this  means,  geometry  as  well  as  arithmetic  is  ufeful  in 
computing  all  forts  of  quantity:  for  when  quantities  are  reprefented  by  num¬ 
bers,  lines,  or  fquares,  we  may  proceed  to  compute  with  thofe  numbers,  lines, 
or  fquares,  and  thereby  difcover  the  proportions  of  thofe  quantities  which 
they  reprefen t. 

•7 3  An  aliquot  part  of  any  quantity  is  that  which  repeated  a  certain  num¬ 
ber  of  times,  ( aliquoties ,)  exactly  meafures  that  quantity;  an  aliquant  part  of 
any  quantity  is  that  which  does  not  meafure  it:  thus,  in  numbers,  2  is  an  ali¬ 
quot  part  of  8,  becaufe  2  repeated  4  times  is  equal  to  8:  but  3  is  an  aliquant 
part  of  8,  becaufe  if  repeated  twice,  it  is  lefs  than  8,  if  repeated  thrice,  it  is  more 
than  8 :  thus,  a  line  2  inches  long  is  an  aliquot  part  of  a  foot,  a  line  5  inches 
long  is  an  aliquant  part  of  a  foot. 

•74  Any  two  quantities  are  commenfurable  ^  or,  as  they  are  fometimes  called, 
rational ,  when  a  third  quantity  can  be  found  which  is  a  common  meafure  to 
them  both:  thus  2  is  a  common  meafure  to  4  and  12: -and  3  is  a  common 
meafure  to  9  and  15:  all  numbers  are  commenfurable ;  becaufe  an  unit  is  their 
common  meafure;  and  all  commenfurable  quantities  may  be  expreft  by  numbers. 

•73  I ncom?nenfurabk\ irrational, or  fur d quantities  are  fuch  as  have  no  com¬ 
mon  meafure,  and  cannot  be  expreft  by  numbers:  thus  geometers  demon- 
ftrate,  that  the  diagonal  and  fide  of  a  fquare  are  incommenfurable.a 

•76  When  we  compare  two  quantities  together,  as  to  more  or  lefs,  and  en¬ 
quire  whether  they  be  equal  or  not,  and,  if  unequal,  how  much  one  is  greater 
or  lefs  than  the  other,  we  are  faid  to  confider  the  ratio  or  reafon  of  thofe  quan¬ 
tities,  and  we  fay  one  is  in  fuch  a  ratio  to  the  other:  in  fuch  comparifons  the 
firft  quantity  is  called  the  antecedent ,  the  fecond  the  confequent:  if  the  antece¬ 
dent  and  confequent  are  equal,  they  are  faid  to  be  in  a  ratio  of  equality ;  if  un¬ 
equal,  in  a  ratio  of  inequality :  when  the  antecedent  is  greater  than  the  confe¬ 
quent,  as  in  the  numbers  [8  : 4,]  it  is  in  a  ratio  of  majority :  when  the  antece¬ 
dent  is  lefs  than  the  confequent,  as  [4  :  8,]  it  is  in  a  ratio  of  minority :  in  ratio’s 
of  inequality  the  lefs  number  is  either  an  aliquot  part  of  the  greater,  as  in  the 
numbers  [12:3,]  or  an  aliquant  part  of  it,  as  [10:3.]  The  names  of  fome  of 
thofe  ratios  of  inequality  that  mod;  frequently  occur,  are  thefe  that  follow. 

■77  In  a  ratio  of  majority,  when  the  antecedent  contains  the  confequent 
twice  precifely,  as  [8:4,]  the  antecedent  is  faid  to  be  in  a  duple  ratio  to  the 
confequent:  when  it  contains  it  three  times,  as  [9:3,]  it  is  in  a  triple  ratio: 
when  four  times,  as  [12:3,]  in  a  quadruple  ratio  &c:  when  the  antecedent  con- 

a  'Tacquet  Euclid .  edit.  Cantabrig.  Sc  hoi.  in  lib-  l.  prop.  47. 
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fig.  tains  the  confequent  once,  and  a  half  of  the  confequent,  as  in  thefe  numbers, 
[3:2,]  it  is  in  a  ratio  fefqui altera :  when  it  contains  the  confequent  once  and 
a  third  part,  as  in  thefe  numbers,  [  4 : 3 ,  ]  it  is  in  a  ratio  fef quit  erti  a  &c. 

•78  In  ratios  of  minority,  the  fame  terms  are  ufed  as  before,  with  the  ad¬ 
dition  of  fab-,  thus,  when  the  antecedent  is  contained  in  the  confequent  twice, 
as  [4:8,]  the  ratio  is  fubduple:  when  three  times,  as  [3  : 9,]  it  is  fubtriple:  when 
four  times,  as  [3:  12,]  it  is fubquadruple :  when  once  and  a  half,  as  [2:3,]  it  is 
fub fefqui  alt  era  :  when  once  and  a  third  part,  as  [3:4,]  it  is  fubfefquitertia ,  &c. 

•79  When  we  confider  four  quantities  together,  and  compare  them  by  pairs, 
two  with  two,  and  find  that  the  ratio  between  one  pair  is  equal  to  the  ratio 
between  the  other  pair,  we  call  this  equality  or  fimilitude  of  ratios  proportion  ; 
and  thofe  four  quantities  are  faid  to  be  proportional.  Proportion  is  either  diredt 
or  reciprocal;  dir  eft  proportion  is  where  the  firft  antecedent  is  to  the  firft  con¬ 
fequent,  as  the  fecond  antecedent  is  to  the  fecond  confequent:  thus,  in  thefe 
four  numbers,  4,6,8, 12,  if  I  compare  the  pair  [4:6,]  with  the  pair  [8 : 12,]  I 
(hall  find  that  4  is  in  the  fame  ratio  to  6,  as  8  is  to  12 ;  which  is  ufually  thus  ex- 

48  preft,  4:6: :  8:12;  thus,  in  the  four  lines  of  fig.  48,  fo  that  ab :  ab:  :cd:cm 
that  is,  the  line  ab\  is  in  the  fame  ratio  to  ab,  as  c  d  is  in  to  cd.  If  the 
quantities  are  exprefl  by  numbers,  in  direcft  proportion  more  requires  more, 
or  lefs  requires  lefs;  -the  greater  the  third  number  is,  the  greater  muff  the 
fourth  number  be;  or  the  lefs  the  third  number  is,  the  lefs  muff  the  fourth 
number  be:  thus,  in  this  example,  if  one  degree  of  a  great  circle  upon  the  earth, 
is  equal  to  60  Italian  miles,  to  how  many  fiich  miles  will  360°,  the  whole 
circumference  of  the  earth,  be  equal?  here  more  degrees  require  more  miles; 
the  anfwer  is  21600  miles;  thus  expreft,  ic:6omiles  :  :  360°:  21600^". 

2d  Example ,  if  the  moon  goes  through  a  great  circle  in  the  heaven,  or -360° 
in  27  days,  how  many  degrees  will  fhe  go  in  one  day?  here  lefs  requires  lefs, 
that  is,  in  lefs  time  the  motion  will  be  of  fewer  degrees;  the  anfwer  is  130: 
with  a  fraction  or  piece  of  a  degree,  thus  exprefl,  27^:360°: :  1  dar.  130 
In  numbers  directly  proportional,  three  numbers  being  given  the  fourth  is  found 
by  the  Angle  golden  rule  direct. 

•80  When  three  quantities  are  fuch  that  the  firft  quantity  is  in  the  fame 
ratio  to  the  fecond  as  the  fecond  is  to  the  third,  the  fecond  quantity  is  called  a 
moan  proportional  between  the  firft  and  the  third :  thus,  in  numbers,  12  is  a 

49  mean  proportional  between  6  and  24;  for  6: 12: :  12:24:  thus,  in  lines,  fig.  49, 
b  is  a  mean  proportipnal  between  a  and  c;  for  a:b:  :  b:  c. 

•8  1  Reciprocal  proportion  is  where  more  requires  lefs,  or  lefs  requires  more; 
that  is,  the  greater  the  third  quantity  is,  the  lefs  will  the  fourth  be,  or  the  lefs 
the  third  quantity  is,  the  greater  will  the  fourth  be;  thus,  if  I  would  poife 

two 
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two  unequal  heavy  bodies  A  and  b,  fig.  50,  fixed  at  the  two  ends  of  a  beam  ab,  fig. 
fo  as  to  make  them  reft  m  cequilibrio,  or  to  be  of  equal  weight,  I  muft  place  50 
the  fulcrum  or  fupport  c  under  the  beam  in  fuch  a  manner,  that  the  diftances 
of  die  centers  of  the  heavy  bodies  from  it  may  be  reciprocally  as  their  weights ; 
that  is,  if  the  weight  of  a  be  triple  the  weight  of  b,  the  diftance  of  b  from  c 
muft  be  triple  the  diftance  of  a  from  c :  here  greater  weight  requires  propor¬ 
tionally  lefs  diftance,  and  lefs  weight  requires  proportionally  greater  diftance 
from  the  fulcrum;  the  point  c,  where  the  fulcrum  muft  be  placed  to  fupport 
the  bodies  a  and  b  inaequilibrio,  is  called  the  center  of  gravity  of  thofe  bodies. 

In  numbers  reciprocally  proportional,  three  numbers  being  given,  the  fourth 
is  found  by  the  fingle  golden  rule  inverfe. 

•82  Any  quantity  considered  as  capable  by  multiplication,  of  producing, 
or  being  produced  by,  another  quantity,  is  called  a  power:  the  produft  or 
fattum  of  any  quantity  multiplyed  by  it  felf  is  called  the  fecond  power ,  or 
fquare  of  the  fimple  quantity  fo  multiplyed:  if  that  fquare  is  multiplyed  by 
the  firft  fimple  quantity,  the  product  is  called  the  third  power,  or  cube ,  &c: 
in  all  thefe  cafes,  the  fimple  quantity,  to  which  the  reft  owe  their  origin,  is 
called  the  firft  power ,  the  root ,  and  in  geometry  the  fide  of  the  fquare,  or  cube, 
thus,  in  numbers,  let  the  root  be  4,  the  fquare  number  produced  by  4 
multiplyed  by  4,  is  16;  the  fquare  16  multiplyed  by  the  root  4,  produces  the 
cube  number  64:  thus,  in  lines,  fig.  5 1,  the  line  ab,  multiplyed  by  it  felf  gene-  51 
rates  the  fquare  abcd:  this  fquare  multiplyed  by  the  fide  ab,  or  carried  pa¬ 
rallel  to  it  felf,  in  its  firft  fituation,  along  a  line  a  g,  perpendicular  to  its  plane, 
and  equal  to  the  fide  ab,  generates  the  cube  aceg. 

*  83  Quantities  that  being  multiplyed  into  themfelves  produce  equal  fquares, 
equal  cubes  &c,  are  faid  to  be  equal  in  power',  in  latin,  cequipojfe. 

•84  Ratios  may  be  confidered  not  only  between  fimple  quantities,  but  alfo 
between  their  powers:  the  ratio  between  two  fquares  or  fecond  powers  is  call¬ 
ed  a  duplicate  ratio:  the  ratio  between  two  cubes  or  third  powers  is  called  a 
triplicate  ratio:  the  ratio  between  a  fquare  and  a  cube,  or  between  the  fecond 
and  third  power  is  called  a  /efquiplicate  ratio. 

•85  Firft  example  of  direct  proportion  of  powers ;  the  areas  of  any  two  cir¬ 
cles  abed  and  abcd,  fig.  52  and  53,  are  in  a  duplicate  ratio  of  their  diameters,  52 
or  as  the  fquares  of  their  diameters:  thus,  let  the  diameter  ac  be  12,  and  the  53 
diameter  ac  be  20 ;  the  fquare  of  12  is  144,  the  fquare  of  20  is  400;  then  I 
fay,  the  area  of  abed',  area  of  abcd:  :  144:  400.  Euclid,  lib.  12.  prop.  2. 

86  Second  example',  thefurfaces  of  any  two  fpheres  a  and  b,  fig.  54  and  55, 
are  as  the  fquares  of  their  diameters a:  thus,  let  the  diameter  of  a  be  6,  and  s- 

a  Archimedes  de  fpb&r a  &  cylindro,  Tacqnet  feletta  ex  Archimede  theoremata. 
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fig.  the  diameter  of  b  8,  the  fquare  of  fix  is  36,  the  fquare  of  8  is  64  j  I  fay  then 
that  the  furface  of  a  is  to  the  furfaceof  b,  as  36  is  to  64. 

55  -gy  Third  example ;  the  folid  contents  of  two  fpheres,  a  and  b,  of  different 

54  magnitude,  fig.  54  and  55,  are  in  a  triplicate  ratio  of  their  diameters,  or  as  the 

55  cubes  of  their  diameters:  thus,  let  the  diameter  of  a  be  6,  and  the  diameter  of 
B  8 ;  the  cube  of  6  is  2 16,  the  cube  of  8  is  5 1 2, 1  fay  then  the  folid  content  of 
A  is  to  the  folid  content  of  b,  as  2 1 6  is  to  5 1 2.  Enel  12,  18. 

•88  Fourth  example ;  of  reciprocal  proportion  of  powers  j  the  intenfenefs  of 
all  corporeal  qualities  or  powers  which  are  diffufed  every  way  in  ftrait  lines 
from  any  natural  body,  as  from  a  center,  fuch  as  light,  heat,  fmell  &c,  is  re¬ 
ciprocally  as  the  fquares  ofthe  diflances  of  the  adring  body  from  the  bodies  adted 
upon.  To  give  an  inftance  in  lights  it  is  evident  that  the  intenfenefs  of  the 
funs  light,  falling  upon  any  given  furface,  is  greater  or  lefs,  according  as  his 
rays  fall  upon  it  in  greater  or  lefs  quantity;  or  in  other  words,  any  furface  is 
more  or  lefs  illuminated,  according  as  the  light  falls  thicker  or  thinner  upon  it; 
now  that  this  denfity  of  the  funs  light  is  reciprocally  as  the  fquares  ofthe 
diftances  of  the  illuminated  bodies  from  the  fun,  is  thus  demonftrated :  let  s 
6  be  the  fun  fending  forth  rays  of  light  every  way  round,  in  the  flrait  lines  s  a, 
sb,  sc,  sd,  £?r,all  thefe  rays,  at  the  diftance  s  a,  are  fpread  uniformly  over 
the  fpherical  furface  abode ;  at  the  diffance  sa,  the  fame  rays  are  fpread  uni¬ 
formly  over  a  larger  fpherical  furface  abode  ;  the  light  then  muft  be  as  much 
thinner  upon  this  larger  fpherical  furface  than  it  is  upon  the  fmaller  one,  as  the 
larger  fpherical  furface  is  greater  than  the  fmaller  one :  now  the  furfaces  of 
fpheres  are  as  the  fquares  of  their  diameters,  by  §  86 ;  that  is,  the  fpherical  fur¬ 
face  abcde  is  to  the  fpherical  furface  a  b  c  d  e,,  as  the  fquare  of  sa  is  to  the 
fquare  of  sa:  therefore  the  light  at  a  is  to  the  light  at  <2,  as  the  fquare  of  sa  is 
to  the  fquare  of  sa:  which  was  to  be  proved.  The  following  experiment,  taken 
out  of  Smith's  Optics pag.  17,  may  ferve  for  a  further  illuflration  of  this  matter. 

57  »  Let  the  light  which  flows  from  a  point  A,  and  pafles  through  a  fquare 

hole  be de^  be  received  upon  a  plane  bcde,  placed  parallel  to  the  plane  of  the 
hole;  if  the  diftance  of  the  plane  bcde  from  the  point  a  be  twice  as  great 
as  the  diftance  of  the  hole  from  that  point,  the  light  will  then  be  fpread  over 
a  furface  which  is  four  times  as  large  as  the  aperture  of  the  hole,  as  appears 
by  the  figure,  where  bcde  is  divided  into  four  fquares,  each  of  which  is  e- 
qual  to  the  fquare  bcde-y  if  the  diftance  of  the  plane  which  receives  the 
light  coming  through  the  hole  be  three  times  the  diftance  of  the  hole  from  the 
point  a,  the  light  will  then  fall  upon  a  fquare  furface  fghi,  nine  times  as 
large  as  the  fquare  aperture  of  the  hole,  as  is  evident  alfo  from  a  view  ofthe 
figure;  fo  that  at  double,  the  diftance,  the  plane  illuminated  by  the  point  a  is 
b  twice 
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twice  as  large;  at  three  times  the  diftance,  it  is  nine  times  as  large;  at  four  fig. 
times  the  distance,  the  illuminated  furface  is  fixteen  times  as  large,  the  fur- 
faces  illuminated  increafing  as  the  fquares  of  their  distances  from  the  illumi¬ 
nating  point:  thus,  let  there  be  two  bodies  of  equal  furfaces  a  and  a,  fig.  56,  56 
at  different  diftances  from  the  fun,  let  the  diftance  of  a  from  the  fun  be  as  4, 
and  the  diftance  of  a  as  8 ;  then  will  the  quantity  of  the  funs  light  falling  upon 
a,  compared  with  his  light  which  falls  upon  a,  be  in  the  fame  ratio  as  64,  the 
fquare  of  8,  is  to  16,  the  fquare  of  4:  by  this  method,  the  feveral  diftances  of 
the  planets  from  the  fun  being  given,  the  force  of  the  funs  heat  or  light  upon 
them  refpeftively  may  be  compared:  thus,  if  the  diftance  of  Mercury  from  the 
fun  be  as  4,  and  the  diftance  of  the  earth  as  10 ;  the  heat  upon  Mercury  fhall 
be  to  the  heat  upon  the  earth,  as  100,  the  fquare  of  10,  is  to  16,  the  fquare  of 
4.  By  this  method  alfo  the  different  force  of  the  funs  heat  upon  the  earth, 
arifing  from  her  different  diftances  from  the  fun,  may  be  found:  thus,  let  the  di¬ 
ftance  of  the  earth  from  the  fun  in  fummer,  be  as  1008-,  her  diftance  in  winter,  f03 
as  1000;  then,  if  no  other  caufe  of  the  difference  of  the  funs  heat  were  to  be 
confidered,  but  the  difference  of  his  diftance  from  the  earth,  fummers  heat 
would  be  to  the  winters  heat,  as  1000000  the  fquare  of  1000,  the  winters  di¬ 
ftance,  is  to  ^16064-,  the  fquare  of  1008,  the  fummers  diftance.  ~  /O 

*89  Fifth  example ;  the  gravitation  of  the  feveral  primary  planets  towards  the 
fun  is  reciprocally  as  the  fquares  of  their  diftances  from  him:  Newt,  princ . 
p.  362.  ed.  2.  Thus,  let  the  diftance  of  the  earth  from  the  fun  be  10,  the  diftance 
of  Mercury  4  ;  the  fquare  of  10  is  100,  the  fquare  of  4  is  16 ;  I  fay  then,  Mer¬ 
cury’s  gravitation  is  to  the  earths  gravitation  in  the  fame  ratio  as  100  is  to  16: 
the  gravitation  of  Jupiters  fatellits  towards  Jupiter,  and  ofSaturns  fatellits  to¬ 
wards  Saturn,  is  in  the  fame  proportion,  ws;.  reciprocally  as  the  fquares  of  their 
diftances  from  their  primary;  and  may  be  compared  by  this  method. 

'go  Sixth  example,  of  proportion  between  different  powers ;  if  the  periodical 
times  in  which  the  planets  go  round  the  fun  be  compared  with  their  middle 
diftances  from  the  fun,  the  proportion  ftands  thus ;  their  periods  are  in  a  fef- 
quiplicate  ratio  of  their  diftances,  or  in  other  words,  the  fquares  of  their  pe¬ 
riods  are  as  the  cubes  of  their  diftances :  thus,  if  we  confider  Venus  and  the  earth 
together,  we  fhall  find  that  the  fquare  of  the  period  of  Venus  is  to  the  fquare 
of  the  earths  period,  as  the  cube  of  the  diftance  of  Venus  is  to  the  cube  of 
the  earths  diftance.  The  periodical  times  of  the  fecondary  planets  motion 
round  their  primaries  are  likewife  in  the  fame  ratio  of  their  diftances  from 
their  primaries.  P  reef  at.  in  edit.  2.  Newtoni  Princip.  &  lib.^.pag.  259.  &  360. 

T 'he fix  following  fe  51  ions,  are  ufeful for  the  underflanding  the  way  of  making 
tables  of  finesse,  but  may  be  paJJ'ed  over  by  thofewho  are  not  defir  ous  to  look  into 
that  affair.  C  2  91  Similar , 
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•  91  Similar  plane  figures  are  fuch  as  have  their  correfponding  parts  pro- 
•portional. 

•  92  All  circles  are  fimilar :  the  circumference  of  any  one  circle  is  in  the  fame 
•ratio  to  its  diameter,  radius,  or  arc  of  a  given  number  of  degrees,  or  chord 
•of  a  given  arc,  as  any  other  circle  is  to  its  diameter,  radius,  or  arc  of  a  like 
•number  of  degrees,  or  chord  of  a  like  arc.  §  3  1  and  32. 

•  93  Similar  parallelograms  are  fuch  as  have  their  correfponding  fides  pro- 

•  portional,and  their  correfponding  angles  equal:  thus,  the  two  parallelograms 

•  ad  and  ad ,  fig.  58  and  59,  are  fimilar,  if  the  ratio  between  the  fides  is  fuch 
•that,  ah\  ab  : :  ac:  ac,  and  if  the  angle  a  is  equal  to  a,  and  the  angle  b  to  b. 

•  94  Triangles  which  are  equianglar  are  fimilar:  Eucl.  6.  4.  thus,  fig.  60  and 
•61,  if  the  angle  a  is  equal  to  a,  the  angle  b  to  b,  and  c  to  c,  thofe  triangles 
•are  fimilar,  and  their  correfponding  fides  are  proportional;  that  is, 

•  ah',  ab  : :  ac :  ac.  and  ab'.  ab  web',  cb.  and  ac :  ac  :  cb  :  cb. 

•  95  If  any  triangle  bac,  fig.  62,  has  a  line  de  drawn  in  it  parallel  to  one 
•of  its  fides  ca,  the  other  two  fides  of  it  bc  and  ba  will  be  cut  proportional- 
*ly;  and  there  will  be  formed  another  triangle  bed,  fimilar  to  bac  :  fo  that, 

ba  : :  bd  :  bc.  and  be  :  ba  : :  ed  :  ac,  &c.  Eucl.  6.  2.  this  propofition  is  of 
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great  u[e  in  making  the  tables  of  fines ,  tangents ,  andfecants. 

?  96  If  one  acute  angle  in  one  right-angled  triangle  is  equal  to  one  acute 
•angle  in  another  right-angled  triangle,  thofe  triangles  are  fimilar;  §55,  Cor. 7, 
•and  §  94.  We  may  now  refume  the  dodrine  of  trigonometry,  fo  much  of  it 
•as  we  fhall  have  occafion  to  confider  in  the  prefent  work. 

97  In  every  right-angled  triangle  bac,  fig.  63,  the  longed:  fide  bc,  which  is 
always  that  oppofite  to  the  right  angle  A,  is  called  the  hypotenufe ;  the  other 
fides  ab  and  ac,  are  called  the  legs . 

98  In  every  right-angled  triangle ,  the  fquare  of  the  hypotenufe  is  equal  to  the 
fquares  of  the  legs.  This  propofition  is  fometimes  thus  expreft,  in  every  right- 
angled  triangle  the  hypotenufe  is  equal  in  power  to  the  legs:  thus,  take 
the  triangle  bac,  fig.  64,  upon  the  hypotenufe  bc  ered  the  fquare  bd,  upon 
the  leg  ac  ered  the  fquare  ce,  upon  the  leg  ba,  ered  the  fquare  bf  ;  I  fay  the 
area  of  the  fquare  bd  will  be  equal  to  the  fum  of  the  areas  of  the  other  two 
fquares  ce  and  bf.  This  propofition,  the  demonftration  of  which  may  befeen 
in  the  common  books  of  geometry,  Eucl.  1,  47,  is  of  great  ufe  in  trigonome¬ 
try,  for  thereby,  the  meafureof  any  right-angled  triangle  is  eafily  found,  if  we 
have  fome  data ,  or  things  known  to  go  upon :  thus,  in  the  right-angled  triangle, 

6  fig.  63,  the  length  of  the  hypotenufe  bc  and  one  leg  ac  being  given,  the  other 
leg  may  be  found  in  the  following  manner ;  let  the  length  of  the  hypotenufe 

be  10  feet,  yards,  or  miles,  or  any  other  known  meafure,  in  the  preient  example 

we 
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we  will  fuppofe  feet  ;  the  fquare  of  io  is  ioo:  let  the  length  of  the  leg  ac  be  8  fig. 
feet,  the  fquare  of  8  is  64 :  let  thefquare  64,  be  taken  from  100,  the  remainder 
is  36,  the  fquare  of  the  other  leg  ab  ;  find  the  fquare  root  of  36,  viz.  6,  and  you  63 
have  the  length  of  the  leg  ab,  6  feet.  In  like  manner  the  two  legs  being  given, 
the  hypotenufe  may  be  thus  known;  find  the  fquares  of  the  legs  and  add  them 
together,  the  fum  is  the  fquare  of  the  hypotenufe:  example ,  let  the  leg  ba  be 
6  feet,  the  leg  ac  8  feet,  the  fquare  of  6  is  36,  the  fquare  of  8  is  64,  the  fum 
of  36  and  64  is  100,  the  fquare  of  the  hypotenufe:  the  fquare  root  of  100  is 
10,  the  length  of  the  hypotenufe  therefore  is  10  feet;  which  was  to  be  found. 

‘This  propofition  is  another  of  the  Jour ces  of  the  tables  of  fine s,  tangent r,  and  fecantsy 
which  for  the  fake  of  fome  of  my  readers  I  fhall  now  explain. 

•99  The  complement  of  an  arc  is  fo  much  as  it  wants  of  a  quarter  of  a  cir¬ 
cle:  thus,  fig.  65,  the  arc  se  is  the  complement  of  the  arc  SB;  and  the  arc  SB  is  65 
the  complement  of  the  arc  se. 

•  100  The  fupplement  of  an  arc  is  fo  much  as  it  wants  of  a  femicircle :  thus, 
fig.  65.  s  ea  is  the  fupplement  of  the  arc  sb,  and  sb  is  the  fupplement  of  the  65 
arc  sea:  fome  writers  call  this  the  complement  to  a  femicircle. 

•  10 1  A  chord  or  fubtenfe ,  ab,  fig.  66,  is  a  ftrait  line  drawn  within  a  circle,  66 
terminated  at  each  end  by  the  circumference:  every  chord  as  ab  divides. the 
circumference  of  the  circle  into  two  arcs,  ACjjand  adb:  the  chord  is  faid  to  ft  C$ 
be  the  chord  of  either  of  thofe  arcs:  a  chord  is  faid  to  fubtend  its  arc,  becaufe 

it  is  flretched  under  it,  being  as  a  firing  to  a  bow. 

•  102  The  larger  any  arc  is,  the  longer  is  the  chord,  till  the  arc  is  a  femicircle, 

and  the  chord  a  diameter;  which  is  the  longefl  flrait  line  that  can  be  drawn 
within  a  circle,  as  appears  by  the  fixty  feventh  figure.  67 

•  103  A  right  finey  or  as  it  is  generally  called,  a  fine  of  an  arcy  is  a  flrait  line 
drawn  within  a  femicircle,  from  one  extreme  of  an  arc,  perpendicular  to  a  di¬ 
ameter  drawn  from  the  other  extreme  of  that  arc:  in  the  black  femicircle 
aeb,  fig.  68,  let  the  arc  whofe  fine  is  to  be  found  be  sb,  from  s  one  extreme  of  68 
the  arc,  draw  sr,  perpendicular  to  ab  the  diameter  which  is  drawn  from  b, 
the  other  extreme  of  the  given  arc;  sr  is  the  right  fine  of  it:  and  fince  the  arc 
sb  meafures  the  angle  s  c  b,§  3°j  the  line  called  the  fine  alio  of  the  angle 
scb.  Sine  is  a  relative  term,  and  is  indifferently  referred  eithei  to  tne  angle, 

or  to  the  arc  which  meafures  the  angle;  in  trigonometry  it  is  generally  called 

the  fine  of  an  angle.  . 

•  104  If  we  compleat  the  circle,  as  is  done  in  the  preceding  figure  by  the 

pointed  femicircle  agb,  and  take  an  arc  bd  equal  to  sb,  and  continue  the  line 

sr  to  d,  it  is  obvious,  by  Rucl. 3. 3,  that  the  fine  sr,  is  half  sd,  the  choid  of  t  e 

arc  sb  d,  which  is  double  to  the  arc  sb;  this  propofition  is  commonly  thus  ex- 

prefl. 
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tig.  preft,  the fine  is  half  the  chord  of  a  double  arc:  thus  it  appears  that  a  fine  is  the 
fame  in  a  femicircle  that  a  chord  is  in  the  whole  circle. 

*  105  As  a  chord  is  referred  to  both  parts  of  the  circumference  of  a  circle*  as 
well  that  which  exceeds  a  femicircle  as  that  which  falls  fhort  of  it,  §  10 1;  fo 
a  fine  is  referred  to  both  parts  of  a  femicircle,  as  well  the  arc  greater  than  a 

68  quadrant  as  that  which  is  lefs  than  a  quadrant:  thus  sr  the  fine  of  the  arc  sb, 
is  alfo  the  fine  of  the  arc  s  ea,  the  fupplement  of  sb:  if  we  confider  the  angles, 
inftead  of  the  arcs,  we  may  then  fay,  that  the  line  of  every  acute  angle  scb,  is 
alfo  the  fine  of  the  obtufe  angle  s  ca,  the  fupplemental  angle  to  scb,  which 
added  to  it  makes  two  right  angles:  for  this  reafon,  tables  of  fines  are  never 
computed  for  angles  that  exceed  90°;  but  if  the  fine  of  any  obtufe  angle  be  re¬ 
quired,  we  take  for  it  the  fine  of  the  acute  angle  which  added  to  it  makes  1 8o°: 
thus,  for  the  fine  of  i6o°,we  take  the  fine  of  20°;  for  the  fine  of  1  io°,  we  take 
the  fine  of  70°. 

69  •  1 06  The  larger  any  angle  or  arc  is,  the  greater  will  the  fine  be,  till  the  arc 
is  a  quadrant,  and  the  angle  a  right  one ;  and  then  the  fine  is  the  radius  of  the 
circle;  which  being  the  larged;  fine  pofhble,  and  all  other  fines  being  taken 
out  of  it,  is  called  the  whole  fine:  in  fig.  69,  the  pointed  lines  are  fines  of  angles 
or  arcs  increafing  from  io°,  to  90°,  thus,  ab  is  the  fine  of  an  angle  or  arc  of  io°, 
cd  the  fine  of  20°,  ef  of  30°,  &c. 

6s  •  ioy  A  verfed fine  of  an  arc  is  a  flrait  line  drawn  from  one  extreme  of  that  arc 
to  the  right  fine  of  it,  perpendicular  to  the  right  fine:  thus,  rb  is  the  verfed  JLJU 
of  the  arc  s  b,  drawn  from  b  to  r,  making  the  angle  br  s  a  right  one:  thus 
alfo,  ar  is  the  verfed  fine  of  the  arc  aes,  drawn  from  a  to  r,  and  making  ars 
a  right  angle. 

68  •  108  The  point  r,  where  the  right  fine  s  r  falls  upon  the  diameter  ab,  di¬ 

vides  the  radius  cb  into  two  parts,  cr  and  rb,  that  part  rb  next  the  circum¬ 
ference  is  the  verfed  fine,  called  by  fome  xhefagitta  of  the  arc  sbj  the  other 
part  viz.  cr  next  the  center  is  called  the  fine  of  the  complement ,  becaufe,  by  Eucl. 

1,  34,  equal  to  f  s,  which  is  in  reality  the  fine  of  the  arc  s  e,  the  complement 
of  the  arc  sb.  Verfed  fines  are  feldom  inferted  in  tables3,  becaufe  eafily  found 
by  knowing  the  radius  and  fine  complement;  thus,  for  any  arc  sb  lefs  than  a 
quadrant,  take  the  fine  complement  cr  from  the  radius  cb,  the  remainder  rb 
is  the  verfed  fine:  for  any  arc  aes  greater  than  a  quadrant,  add  the  fine  com¬ 
plement  cr  to  the  radius  ac,  and  the  fum  of  both,  viz.  A<p ,  is  the  verfed  fine.  4 If 
‘log  A  tangent  of  an  arc  is  a  flrait  line  perpendicular  to  the  diameter,  drawn 
out  from  one  extreme  of  the  arc,  till  it  meets  with  the  radius  continued 

?0  through  the  other  extreme  of  the  arc:  thus,  in  fig.  70,  bt  is  the  tangent  of 

a  Verfed  find  are  in  Sr  Jonas  Moor 's  and  SherwinV  tables . 
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the  arc  sb,  perpendicular  to  the  diameter  ab,  drawn  out  from  the  point  b,  till  fig* 
it  meets  with  the  radius  c  s  continued,  in  t.  70 

•  1 10  A  fecant  of  an  arc  is  the  radius  continued  through  one  end  of  the  arc, 
till  it  meets  the  tangent  drawn  from  the  other  end:  in  fig.  70,  ct  is  the  fecant 
of  the  arc  sb.  The  fecant  or  tangent  of  any  arc  is,  as  was  faid  of  the  fine,  the 
fecant  and  tangent  alfo  of  the  fupplement  of  that  arc ;  thus,  tb  is  the  tangent, 
and  tc  the  fecant,  of  the  arcs  ea,  the  fupplement  of  sb. 

•  11 1  The  larger  any  angle  or  arc  is,  the  longer  will  the  fecant  and  tangent  71 
be,  till  the  arc  is  a  quadrant,  and  the  angle  a  right  one  ;  and  then  they  are  laid 
to  be  infinite;  becaufe,  fig.  71,  the  fecant  will  be  the  radius  af  continued,  as  71 
by  the  pointed  line,  to  which  the  tangent  bt-  is  parallel,  and  therefore  they  can  15 1 
nevei  meet,  §  46*  The  feventy  firft  figure  fhews  how  the  fecants  and  tangents 
grow  longer,  as  the  arcs  are  larger;  thus,  of  the  arc  bc,  the  tangent  is  bg;  the 
fecant  ag.  of  the  arc  bd,  the  tangent  is  bh  ;  the  fecant  ah  :  of  the  arc  be,  the 
tangent  is  bi;  the  fecant  Ai:  of  the  arc-BF  the  tangent  is  Bi;'the  fecant  af:  fj' 
both  infinitely  extended. 

1 1 2  The  fine,  tangent,  or  fecant,  of  the  complement  of  a  given  arc  or  angle, 
is  frequently  called  the  cofne ,  cotangent ,  and  cofecant  of  that  arc  or  angle. 

* 1 1 3  T°  the  fine,  tangent,  or  fecant,  of  an  arc  or  angle,  is  to  find  what 
proportion  it  bears  to  the  radius;  that  is,  fuppofe  the  radius  were  divided  into 
a  cei  tain  number  of  equal  parts,  as  1 0000000  parts,  to  find  how  many  of  filch 
parts  the  fine,  fecant,  or  tangent,  is  equal  to:  for  this  purpofe,  tables  have  been 
made,  wherein  an  angle  or  arc  being  given,  we  may  find  the  fine,  tangent, 
or  fecant  thereof,  or  the  fine  tangent  or  fecant  being  given,  we  may  find  the 
angle  or  arc. 

•I  lhall  now  give  the  Reader,  for  a  fpecimen,  the  firft  two  pages  of  a  table 
of  fines,  &c.  together  with  directions  for  the  manner  of  ufing  it. 

1 14  The  table  is  divided  into  fix  columns,  the  firft  of  which  is  the  column 
of  minutes:  the  fecond,  of  fines:  the  third,  of  tangents:  the  fourth,  of  fecants: 
the  fifth,  of  logarithms  of  fines:  the  fixth,  of  logarithms  of  tangents. 

1 1 5  ^f  each  page,  except  the  firft  and  the  third,  after  the  word 
grad,  is  fet  down  a  number  which  fignifies  whole  degrees:  and  in  the  firft  co¬ 
lumn  under  the  word  minutes  are  the  minutes  which  added  to  thofe  degrees 
exprefs  the  quantity  of  any  angle  whofe  fine,  tangent,  &c,  may  be  found  in 
that  page.  The  firft  and  third  pages  of  the  table  contain  only  minutes  from  1' 
to  6  o'3  and  therefore  at  the  top  of  thofe  two  pages  is  put  grad,  o. 
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•  1 1 6  If  an  angle  is  given,  whofe  quantity  isexprell:  in  degrees  and  minutes, 
and  the  fine,  tangent,  or  fecant  thereof  required ;  find  the  number  of  degrees 
on  the  top  of  the  page,  and  the  number  of  minutes  in  the  column  of  minutes 
in  the  fame  page,  and  on  the  fame  line  with  the  number  of  minutes,  you  have 
the  fine,  in  the  column  of  fines:  the  tangent,  in  the  column  of  tangents:  the  fe¬ 
cant,  in  the  column  of  fecants. 

•  1 1 7  Example,  To  find  the  fine,  &c  of  89°  45';  in  the  fecond  page  of  the 
table,  which  has  on  the  top  grad.  89,  look  in  the  column  of  minutes  for  the 
number  45;  on  the  fame  line,  you  have  the  fine  of  89°  45 ,  viz.  99999.05: 
the  tangent  22918  166:  the  fecant  22918385. 

*118  When  an  angle  is  given  ot  a  number  of  minutes  only,  find  that  num¬ 
ber  in  the  firfi:  or  third  page  of  the  table,  in  the  column  of  minutes  5  and  on 
the  fame  line,  in  its  proper  column,  you  have  the  fine,  tangent,  and  fecant 
of  the  angle  given. 

•  1 19  Example ,  To  find  the  fine,  tangent,  or  fecant  of  an  angle  of  14  ;  look 
in  the  firfi:  page  of  the  table,  in  the  column  of  minutes,  for  the  number  14; 
and  on  the  fame  line  in  the  column  of  fines,  you  have  the  fine  407.24:  in  the 
column  of  tangents,  you  have  the  tangent  407.25  :  in  the  column  of  iecants, 
the  fecant  10000083. 

•120  If  the  fine,  tangent,  or  fecant  be  given,  and  the  angle  correfponding  to  it 
required,  proceed  thus;  find  the  fine  in  the  column  of  fines,  or  the  tangent  in  the 
column  of  tangents, csV, and  in  tne  column  oi  minutes,  on  the  fame  line, you  will 
find  the  minute,  which  with  the  number  of  degrees  on  the  top  of  the  page  is 
the  angle  required:  thus,  if  the  fine  99999.58  be  given,  find  that  number  in 
the  column  of  fines,  which  in  the  fpecimen  before  us  is  in  the  fecond  page; 
and  on  the  fame  line  is  the  number  50,  in  the  column  of  minutes:  add  50'  to 
89°,  the  number  of  degrees  at  the  top  of  the  page,  and  you  have  the  angle  re¬ 
quired;  viz.  89°  50' . 

•  12 1  The  numbers  are  fo  placed  in  thefe  two  pages,  which  in  the  common 
books  of  tables  face  one  another,  that  the  degree  and  minute  in  one  page,  is 
the  complement  .to  the  degree  and  minute  on  the  fame  line,  in  the  other  page; 
fo  that  fine  and  cofine,  tangent  and  cotangent,  fecant  and  cofecant  are  feen  at 
one  view:  thus,  on  the  fame  line  with  io',  in  the  left  hand  page,  together 
with  its  fine,  tangent,  and  fecant,  we  have  in  the  right  hand  page  its  com¬ 
plement,  89°  50  ,  with  its  fine,  tangent,  and  fecant. 

•  122  Sometimes  a  fine,  tangent,  or  fecant  is  given,  of  a  number  which  is 
not  to  be  found  in  the  table;  this  often  happens  when  the  fine,  &c  given  is 
the  fourth  number  in  an  operation  by  the  golden  rule;  in  this  cafe,  inftead  of 
the  number  given,  take  the  number  neareft  to  it  in  the  table:  example ,  if  the 
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fine  given  whofe  angle  is  required  be  8699567,  inftead  of  this  number,  which  Fig* 
is  not  in  the  table,  take  the  neared;  to  it  viz.  86992.56,  and  the  correfpond- 
ing  angle  6o°  27'  is  the  angle  required. 

•123  In  the  column  of  fines  there  is  all  along  placed  a  point  amongft  the 
figures  by  which  every  fine  is  expreft,  in  fuch  a  manner,  that  every  number 
has  two  places  on  the  right  hand  of  the  point:  there  is  a  point  alfo  among  the 
figures  by  which  every  tangent,  or  fecant  is  expred:,  and  for  the  greateft  part 
of  the  table,  every  number  by^hich  any  tangent  or  fecant  is  expreft,  has  two 
places  on  the  right  hand  of  the  point :  hut  when  the  numbers  rife  fo  high  as 
to  have  more  figures  than  can  conveniently  ftand  in  the  column,  it  is  ufual  to 
omit  one  or  two  of  thojjf?  figures,  which  were  to  be  placed  on  the  right  hand 
of  the  point,  whofe  places  muft  Always  be  ftipplyfcd  with  as  many  cyphers, 
in  order  to  have  the  true  tangent  or  fecant:  thus,  the  tangent  of  89°  56'  is 
fetdown  in  the  table  85943630,  without  any  figure  or  cypher  on  the  right 
hand  of  the  point ;  two  cyphers  therefore  are  to  be  added,  ifod  then  you  have 
the  true  tangent,  viz.  85943630.00.  t* 

•  124  In  fome  tables  we  have  the  fines,  tangents,  and  fecants,  for  angles  of 
lefs  than  1  :  the  table  published  with  Oughtred' s  trigonometria  gives  them  for 
centefmes  of  a  degree:  by  Pitifcus  s  or  Sherwiri  s  tables,  they  may  be  found  for 
an  angle  of  any  number  of  feconds  from  1"  to  60". 

•  125  Though  the  labour  of  computing  a  table  of  fines  &c  need  not  now 
•be  undertaken,  becaufe  it  has  been  already  gone  through  by  others  with  in- 

•  credible  induftry  and  patience;  yet  fome  readers  may  be  defirous  to  fee  fome- 

•  thing  of  the  method  which  they  proceeded  in,  who  calculated  the  tables  we 
•have:  the  eleven  following  fetftions  are  for  that  purpofe. 

•  126  Sines  are  either  primary,  or  fecondary;  primary  fines  are  fuch  as  arc 
•found  out  by  an  immediate  calculation;  fecondary  fines  are  fuch  as  are  deduced 
•from  the  primary  ones. 

•  127  The  firft  primary  fine  is  the  radius  or  whole  fine,  which  we  may  fup- 
•pofe  divided  into  any  number  of  parts;  for  the  eafe  of  calculation,  the  num¬ 
ber  afliimed  for  it  is  an  unit  with  a  certain  number  of  cyphers,  as  10000000. 

•  128  The  radius  is  equal  to  the  fide  of  an  hexagon  infer ibed  in  a  circle; 

•Eucl.  4.  15:  thus,  let  an  hexagon  be  inferibed  in  a  circle,  fig.  72,  I  fay  any  7Z 
•fide  thereof  cb  is  equal  to  the  radius:  demonf  ration ,  draw  the  radius’s  ac 
•and  ab,  thefe  are  equal,  by  §  25,  therefore  in  the  triangle  abc  the  angles  c 
•and  b  are  equal,  Enel.  1.  5;  the  fum  of  the  angles  a,  c,b,  is  180,  §  55,  where- 
*of  the  angle  at  a  is  a  third  part,  viz.  6o°,  by  the  work,  which  fuppofes  cb 
•to  be  the  chord  of  a  fixth  part  of  the  whole  circumference  360°;  therefore 
•the  angle  a  is  equal  to  b  or  c:  and  then  the  fide  cb  is  equal  to  the  radius  Ac 
•or  ab,  Eucl.  1.6.  D  2  -129  The 
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Fig.'  129  The  radius  being  given,  the  fine  of  30°  may  be  known;  for  the  radius 
•is  the  chord  of  6o°,  by  §  128,  and  the  fine  of  30°  is  half  the  chord  of  6oG,by 
•§  104;  thus,  the  radius  being  10000000,  the  fine  of  30°  is  5000000. 

•  130  The  fine  of  an  arc  being  given,  its  cofine  may  be  found  by  this  pro- 
.pofition;  the  fine  of  an  arc  and  its  co/ine  are  in  power  equal  to  the  radius :  de- 
• monjlr .  the  fine  sr  of  an  arc  sb  together  with  its  cofine  cr  and  radius  cs,  fig. 

68  *68,  form  a  right-angled  triangle,  in  which  the  radius  cs  is  the  hypotenufe, 
•by  the  definitions,  §  67, 103, 108  :  but  in  every  right-angled  triangle  thehypo- 
‘tenufe  is  in  power  equal  to  the  legs,  §  98 :  therefore &c:  thus  the  fine  of  6o°  is 
‘found  in  the  following  method:  sr  the  fine  of  30°  is  5000,000, §  129,  let  the 

•  fquare  thereof  25000,000,000,000,  be  fubftradted  from  100,000,000,000,000 
•the  fquare  of  the  radius,  and  the  remainder  75000,000,000,000,  is  the  fquare 
‘of  the  cofine,  the  fquare  root  of  which  viz.  8670254  is  the  fine  of  6o°. 

•  13  1  The  right  fine  and  the  verfedfine  of  an  arc  are  in  power  equal  to  the 
73  -chord  of  that  arc:  demonftr.  in  fig.  73.  let  the  given  arc  be  sb,  the  fine  thereof 

* s r  together  with  the  verfed  fine  rb  and  the  chord  sb,  form  a  right-angled 
•triangle,  whereof  the  chord  sb  is  the  hypotenufe,  by  the  definitions,  §  97, 

•  103,  and  107:  but  in  every  right-angle  triangle  the  legs  are  equal  in  power  to 
•the  hypotenufe,  by  §  98:  therefore  &c. 

.  132  Coroll.  1.  The  fine  of  an  arc  being  given,  the  chord  of  that  arc  may  be 

•found,  in  this  manner;  find  the  verfed  fine  of  the  given  arc  by  §  108,  and 
:add  the  fquare  thereof  to  the  fquare  of  the  fine;  the  fquare  root  of  the  fum 
•of  them  is  equal  to  the  chord  required. 

•  133  Cor.  2.  The  fine  of  an  arc  being  given,  the  fine  of  half  that  arc  may 
•be  found,  in  this  manner;  find  the  chord  of  the  arc  by  the  preceding  corolla- 
•ry,  and  half  that  chord  is  the  line  of  half  the  given  arc,  by  §  104. 

•  134  This  is  fufficient  to  fliew  fomething  of  the  method  of  inveftigating 
•fines;  a  primary  fine  is  firft  found,  and  the  fecondary  fines  are  derived  from 
•it,  by  finding  the  fine  of  half  the  given  arc,  by  §  133  ;  and  then  the  comple- 
•ment  of  that  half,  by  §  130;  and  then  again  the  half  of  that  complement,  by 
*§  I33»  and  thus  we  may  proceed  as  far  as  is  required:  thus,  from  the  fine  of 
•30°,  are  found  the  fifteen  following  fines. 
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•  135  When  the  fines  are  found  by  the  preceding  proportions,  the  tangents  Fiy. 
•and  fecants  are  eafily  found  by  the  golden  rule :  thus,  let  the  given  arc  be  sb, 

•fig.  70 ;  the  fine  thereof  rs  together  with  the  cofine  cr  and  radius  cs,  form  70 
•a  right-angled  triangle  crs,  by  the  definitions  §  103  and  108;  the  radius 
•cb  together  with  the  tangent  bt  and  fecant  ct,  form  another  right-angled 
•triangle,  cbt,  by  the  definitions  §  109  and  1 10  :  thefe  triangles  having  one 
•acute  angle  at  c  common,  are  fimilar,  by  §  96:  therefore  to  find  the  tangent, 

•fay,  cr:rs::  cb:bt.  that  is,  as  the  cofine  cr  is  to  the  fine  rs,  fo  is  the  ra- 
•dius  cb  to  the  tangent  bt. 

•  136  To  find  the  fecant,  fay  thus,  cr  :  c  s  :  :  cb  :  ct.  that  is,  as  the  cofine  70 
•cr  is  to  the  radius  cs,  fo  is  the  radius  cb  to  the  fecant  ct. 

•  137  What  ever  number  is  aflumed  for  the  radius,  almoft  all  the  fines  tan- 
•gents  and  fecants  are  incommenfurable  to  it,  as  being  found  either  by  extradi¬ 
ting  the  fquare  root,  or  by  the  golden  rule;  in  the  firftof  thefe  operations,  the 
•root  extradled  is  often  a  furd  number,  as  being  extracted  out  of  a  number  not 
•exadlly  fquare;  in  the  fecond  operation,  viz.  that  by  the  golden  rule,  the  4  th- 
•number  is  often  a  whole  number  with  a  fradlion ;  for  thefe  reafons  tables  of 
•fines,  tangents,  and  fecants  cannot  be  made  perfectly  accurate:  but  they  may 

•  be  made  fo  nearly  accurate,  that  no  number  in  them  fhall  differ  from  the  true 
•one  fo  much  as  one  of  thofe  parts  into  which  the  radius  is  fuppofed  to  be 
•divided  in  the  tables;  thus,  in  the  common  tables,  where  the  radius  is  aflumed 
•of  1 0000000 parts,  no  fine  or  tangent  differs  from  the  true  number  fo  much  as  a 

•  10000000th  part  of  the  radius:  to  make  the  tables  thus  near  the  truth,  it  was 
•neceffary  for  authors  either  to  confider  fractions  in  their  calculations  of  fines 
•&c>  which  would  have  made  them  exceedingly  operofe;  or  elfeto  affume  the 
•radius  of  a  much  greater  number  of  parts  in  the  calculation,  than  it  is  faid  to 
•confifl  of  in  the  tables  after  they  are  made:  the  latter  method  as  the  more  eafy 
•has  been  made  ufe  of:  thus,  Rheticus  in  order  to  compute  a  table  of  fines,  &c, 

•to  a  radius  of  1000000,0000,  aflumed  a  radius  of  100000,00000,00000  parts; 

•and  after  the  calculation,  cut  off  from  each  number  5  figures  on  the  right  hand: 

•  Pitifcus  for  fome  fines  at  the  beginning  of  his  table,  affumed  the  radius  of 

•  100000,00000,00000,00000,00000  parts fitifc.  trigonometr. L  z.n.  26.  For  the 
•reft,  fee  7 ’acquets  geometr.  praci.  /.  1.  c.  2.  and  the  Authors  there  cited:  Lamb  erg. 

• triangulorurn  geometria:  Newton  s  compendium  of  trigonometry:  Sherwins  tables 
'p.  44:  Keils  trigonometria y  See. 

•  1 38  By  the  definitions  §  103  and  108 ;  the  fine  s  r,  of  any  acute  angle  s  c  r, 
fig.  68,  together  with  the  cofine  cr,  and  the  radius  cs  form  a  right-angled  eg 
triangle,  crs:  the  converfe  of  this  is  true,  viz.  that  in  every  right-angled  tri¬ 
angle  crs,  the  fides  are  radius,  fine,  and  cofine  of  one  of  its  acute  angles. 

•139  By 
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fig.  *  139  By  the  definitions  §  109  and  1 10,  the  tangent  tb,  of  any  acute  angle 

7°  tcb,  together  with  its  fecant  ct,  and  the  radius  cb,  form  a  right-angled  tri¬ 
angle  tbc :  the  converfe  of  this  is  true,  viz.  that  in  every  right-angled  trian¬ 
gle  tbc,  the  fides  are  radius,  tangent,  and  fecant  of  one  of  its  acute  angles. 

74  •  140  In  every  right-angled  triangle,  bac  fig. 74,  any  fide  may  be  made  ra¬ 
dius,  and  then  each  of  the  other  fides  will  be  either  fine,  tangent,  or  fecant  of 
one  of  the  acute  angles:  cafe  1.  If  the  hypotenufe  bc  be  made  radius,  the  legs 
will  be  fines  of  their  oppolite  angles;  that  is,  ca  is  the  fine  of  its  oppofite  an¬ 
gle  abc,  and  ba  is  the  fine  of  the  angle  acb  :  cafe  2.  If  one  of  the  legs  be  made 
radius,  then  fhall  the  other  leg  be  tangent  of  the  angle  oppofite  to  it,  and  the 

75  hypotenufe  fecant  of  the  fame:  thus,  fig.  75,  if  the  leg  ba  be  made  radius,  the 
other  leg  ca  will  be  tangent  of  its  oppofite  angle  b,  and  the  hypotenufe  bc 

76  fecant  of  the  fame:  again,  fig.  76,  if  the  leg  ca  be  made  radius,  the  other  leg 
BA  will  be  tangent  to  its  oppofite  angle  c,  and  the  hypotenufe  bc  fecant. 

•  14 1  All  the  angles  of  a  right-angled  triangle  being  given,  the  ratio  between 
any  two  of  its  fides  may  be  found:  for  every  fide  may  be  confidered  either  as 
radius,  or  fine,  or  tangent,  or  fecant  of  a  given  angle,  §  138  and  139  j  and  the 
ratio  between  the  radius,  and  the  fine,  tangent,  or  fecant  of  a  given  angle,  may 

74  be  found  by  the  table,  §  1 13:  thus,  fig.  74,  the  fide  bc  being  confidered  as 
radius,  is  1 0000000 ;  the  leg  ba  as  fine  of  the  angle  c,  fuppofe  of  50°,  is  found 
in  the  table  76604.41:  the  leg  ca  as  cofine,  or  fine  of  the  angle  b  of  40°  the 
complement  of  50°,is  64278.76:  and  the  ratios  between  the  fides  Rand  thus; 
bc  :  ab  ::  10000000:76604.41.  and  bc]:  ca  : :  10000000 :  64278.76. 

•  142  If  the  ratio  between  any  two  quantities,  and  the  real  meafure  of  one  of 
them  be  given  in  numbers,  the  meafure  of  the  other  quantity  may  be  found 

74  by  the  golden  rule:  thus,  fig.  74,  if  in  the  triangle  bac  I  find  the  ratio  be¬ 
tween  the  fides  bc  and  ba  is  fuch  that  bc:ba::  100:76,  and  that  the  adtual 
meafure  of  bc  is  200  feet,  then  I  may  be  allured  that  ba  is  152  feet;  for 
100 :  200 f"*\:  76 :  1 $2feet. 

•  143  This  propofition  then  in  trigonometry  is  univerfally  true,  that/Vz  every 
right-angled  triangle ,  if  one  acute  angle  and  the  length  of  one  fide  be  given,  the 
whole  triangle  may  be  known :  that  is,  we  may  find  the  quantity  of  every  angle, 
and  the  length  of  every  fide, 

’  144  This  propofition  being  here  once  demonfirated,  will  be  referred  to  as 
an  axiom,  in  other  parts  of  this  work:  in  the  mean  time  it  will  not  be  amifs 
to  give  the  reader  a  tafte  of  the  ufefulnefs  thereof,  and  of  the  tables  of  fines 
&c,  in  the  following  examples;  wherein  the  method  will  befeen  in  which  wc 
may  proceed  by  trigonometry,  not  only  to  meafure  the  heights  and  diftances 
pf  fuch  obje&s  upon  the  earth  as  are  inacceflible,  but  alfo  to  difeover  the  di¬ 
stances  and  magnitudes  of  the  heavenly  bodies.  .143  Ex- 
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•  145  "Example  1 ;  fuppofe  dc  is  an  upright  tower  whofe  height  is  required,  fi<3 
it  may  be  found  in  this  manner ;  with  a  chain  or  Raff  of  a  known  length,  77 
meafure  a  distance  at  pleafure  from  d  the  foot  of  the  tower,  to  e  where  the 
Ration  of  the  obferver  is  to  be,  in  the  prefent  infiance  let  de  be  taken  100 
feet;  let  the  obferver  fianding  at  e  look  firfi,  through  the  fights  of  a  quadrant 
held  horizontally,  at  the  tower,  and  where  the  vifual  ray  terminates  make  a 
mark  a,  which  will  fhew  the  height  of  his  eye  above  d  the  bottom  of  the 
tower,  then  keeping  the  center  of  the  quadrant  in  the  fame  place  b,  let  him 
turn  i£,  till  through  the  fights  he  can  fee  the  top  of  the  tower  c :  here  is  a  tri¬ 
angle  bac,  made  by  thefe  three  lines,  viz.  ba  the  diffance  of  the  obferver’s 
eye  from  the  tower,  ca  the  height  of  the  tower  above  his  eye,  and  bc  a  line 
drawn  from  his  eye  to  the  top  of  the  tower ;  in  this  triangle,  the  angle  a  is  a 
right  one  by  the  fuppofition,  the  angle  at  b  is  found  by  the  quadrant,  fuppofe 
it  6o°,  and  the  meafure  of  one  fide  ab  is  known,  viz.  too  feet:  from  thefe 
data  we  may  find,  firft,  the  ratio  between  ab  and  Ac,  after  this  manner ;  make 
ba  radius,  and  ac,  will,  by  §  140,  be  tangent  of  the  angle  b,  which  is  by  ob- 
fervation  found  6o°;  now  in  a  table  where  the  whole  fine  or  radius  is  10000000,. 
the  tangent  of  6o°  is  1 73205.08;  therefore  ba  :  ca  : :  1 0000000 : 1 73205.08. 
Secondly,  the  real  meafure  of  ba  being  100  feet,  ac  will  by  the  golden  rule 
be  found  173  feet  with  a  fraction  or  part  of  a  foot,  which  after  reduction 
comes  to  a  little  more  than  two  tenths  of  a  foot.  The  operation  in  numbers 
Rands  thus,  10000000  :  ioo/f^: :  173205.08: 

X100 

1 1  0000000)'  173  |  2050800  ( 173 

Ac  being  thus  found  173  feet  T*-,add  thereto  ad,  equal  to  be  the  height  of  the 
obfervers  eye  from  the  ground,  which  fuppofe  to  be  5  feet,  and  you  have  the 
whole  height  of  the  tower  cd,  178  feet  — I  have  in  this  example  fuppofed 
E  the  ground  upon  which  the  obferver  Rands  and  d  the  bottom  of  the  tower 
to  be  upon  a  level ;  if  one  of  thefe  is  higher  than  the  other,  allowance  muR 
be  made  for  the  difference  between  them,  in  afluming  the  height  of  the  obfer¬ 
vers  eye.  —  By  the  fame  method  may  the  utmoR  height  of  a  bomb  or  rocket 
thrown  up  perpendicularly  be  found,  by  an  obferver  Randing  at  e,  fig.  78,  a  78 
known  difiance,  fuppofe  100  yards,  from  d  the  place  where  it  is  difcharged, 
and  looking  at  it  through  the  fights  of  a  quadrant  when  at  its  utmoR  height  c : 
a  view  of  the  figure  is  fufficient,  if  compared  with  the  lafi,  for  the  triangle 
bac  is  meafured  in  the  fame  manner  as  in  the  lafi  figure ;  viz.  the  angle  a  is. 
a  right  one  by  the  work,. the  angle  b  is  found  by  the  quadrant,  and  the  diffance 
ab  equal  to  de  is  given  in  real  meafure,  viz.  100  yards:  fo  that  if  ba  be  made 
radius,  ac  will  be  tangent  of  the  angle  at  b,  &c\  ’146  Ex-- 
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ig.  •  146  Example  2  ;  let  it  be  required  to  meafurethe  diftance  ab,  which  may 
79  be  the  breadth  of  a  river  or  valley  fig.  79 ;  fet  up  perpendicularly  a  llick  ca 
of  a  known  length,  fuppofe  it  4  feet  two  inches,  in  all  50  inches  long;  place 
the  center  of  your  quadrant  at  c  the  top  of  the  ftick,  and  look  through  the 
fights  of  it  till  the  vifual  ray  points  at  the  object  b,  whole  diftance  from  a 
the  place  of  the  obferver  is  to  be  meafured:  here  is  a  right-angled  triangle  bac, 
with  one  of  its  acute  angles  and  one  of  its  fides  given ;  for  the  angle  a  is  a  right 
one  by  the  fuppofition,  the  fide  ac  is  50  inches  by  the  fame,  the  angle  c  is 
found  by  the  quadrant,  fuppofe  it  89°  30' :  make  ca  radius,  and  ab  will  be 
tangent  of  the  angle  at  c,  of  89°  30',  §  140  cafe  2;  fay  then,  as  radius  ca  is  to 
50  inches,  fo  is  the  tangent  of  89°  30'  to  the  number  of  inches  contained  in 
ab:  now  in  a  table  where  the  radius  is  10000000,  the  tangent  of  89°  30'  is 
1 1458805.  00,  fo  that  for  an  operation  by  the  golden  rule  we  have  three  num¬ 
bers  given,  by  means  whereof  the  fourth  number  required,  viz.  5729  inches 
and  4  tenths,  the  length  of  ab,  is  eafily  found;  the  work  in  natural  numbers 
fUnqs  thus, 

1 0000000 :  50**^  :  •  1 145  8865.00 

_ 50 

1 1  0000000  )  5729 1 4325000  ( 5729 

thefe  5729  inches  reduced  to  feet  or  yards,  will  give  the  diftance  of  b  from  A 
4.77  feet,  or  159  yards,  and  5  inches  4  tenths.  I  have  in  this  example,  to  make 
it  more  eafy,  fuppofed  the  points  A  and  b  to  be  upon  a  level,  as  they  muft  be 
if  we  would  have  the  angle  at  a  a  right  one:  to  fhew  how  to  find  a  diftant 
point  upon  the  fame  level  with  one  that  is  near  us,  would  I  think  be  foreign 
to  my  prefent  defign. 

So  .147  Example  3 ;  to  find  the  moons  difiance  from  the  earthy  let  ade  fig.  80,  re- 

prefent  the  earth,  c  the  moon,  a  the  place  of  the  fpe&ator  obferving  the  moon 
in  his  fenfible  horizon  hc  :  here  is  a  triangle  bac,  made  by  ab  a  femidiame- 
ter  of  the  earth,  bc  a  line  drawn  from  the  center  of  the  earth  to  the  moon, 
and  ac  a  line  drawn  from  the  place  qf  the  fpe&atorto  the  moon;  in  this  tri¬ 
angle  the  angle  bac  is  a  right  one,  by  §  28,  Eucl.  3.  18:  the  angle  acb  is 
the  angle  of  the  moons  parallax,  which,  by  methods  hereafter  to  be  taught, 
has  been  found  to  be  57';  the  fide  ab,  by  finding  the  circumference  of  the 
earth,  the  manner  of  doing  which  will  alfo  hereafter  be  (hewn,  is  found  to 
be  in  round  numbers,  4000  miles :  make  bc  radius,  and  then  ab,  will  be  fine 
of  the  angle  C;  fay  then,  as  ba  fine  of  57'  is  to  4000  the  number  of  miles 
contained  in  the  earths  femidiameter,  fo  is  bc  radius  to  a  4th  number,  viz, 
241255,  the  number  of  miles  contained  in  bc,  the  moons  diftance  from  the 
center  of  the  earth;  the  fine  of  57'  is  165799;  the  proportion  then  ftands  thus, 

165799 
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1 6 5799 fine  S7  :  4~ooomi!es : :  iooooooo':ad :  241255^"  fig. 

in  round  numbers  we  may  fay  the  diftance  of  the  moon  from  the  earth  is 
240000  miles. 

•  148  Example 4;  to  find  the  diameter  of  the  moon;  let  adbe  be  the  moon, 
fig.  8 1,  let  her  be  viewed  by  a  fpedtator  upon  the  earth  at  c,  her  apparent  di-  81 
ameter  is  meafured  by  the  angle  a  cb,  which,  by  methods  hereafter  to  be  taught, 

is  found  to  be  30' ;  half  of  this,  viz.  the  angle  acf  is  therefore  1 5' :  here  then  is 
a  triangle  caf  whole  angle  caf  is  a  right  one,  Eucl.  3.18,  the  angle  acf  is  1 5' 
by  obfervation,  and  the  fide  cf  the  moons  diftance  from  the  earth  is  known  by 
§  147:  from  thefe  data  the  femidiameter  of  the  moon  af  is  thus  found;  in  the 
triangle  acf  make  the  hypotenufe  cf  radius,  and  af  will  be  the  fine  of  the  angle 
acf,  of  15":  fay  then,  as  radius  10000000  to  240000,  the  number  of  miles 
contained  in  cf  the  moons  diftance  from  the  earth,  fo  is  43633  the  fine  of 
1 5  to  the  number  of  miles  contained  in  af,  the  moons  femidiameter:  from 
thele  three  numbers  given,  the  fourth  viz.  1047  miles  is  eafily  found  by  the 
golden  rule:  for  10000000  :  2Atoooomiles.  ::  43633  :  104 7*^"  1047  miles  is 
then  the  moons  femidiameter,  and  the  double  thereof  2094  miles  her  diameter. 

•  149  Scholium ;  by  the  figure  before  us  ir  appears  rhat  we  do  not  fee  an  en-  81 
tire  hemifphere  of  the  moon  h  di  at  one  view  from  c,  but  only  the  fegment 
adb  which  is  a  little  lefs  than  an  hemifphere;  notwithftanding  this  the  pre- 
ceeding  calculation  helps  us  to  the  true  diameter  of  the  moon  h  i:  for  the  vi- 
fual  angle  acb  and  the  half  of  it  acf  being  found,  we  do  not  proceed  to 
find  the  meafure  of  the  chord  ab  or  of  its  half  ag;  what  we  deduce  from 
thence  is  the  meafure  of  the  line  af,  which  is  a  femidiameter  of  the  moon, 
and  confequently  equal  to  half  the  line  h  i  the  moon’s  true  diameter.  I  need 
not  here  add  that  the  diftance  of  the  moon  from  us  is  fo  great  that  the  feg¬ 
ment  of  the  moon  feen  by  us  differs  not  fenfibly  from  an  hemifphere  as  will 
be  obferved  §241. 

•I  have  in  thefe  examples,  to  make  the  computation  more  eafy,  made  ufe 
of  round  numbers  inftead  of  the  true  ones,  viz.  4000  miles  for  the  earths  fe¬ 
midiameter,  to  find  the  moons  diftance,  and  240000  miles  for  the  moons  di¬ 
ftance,  to  find  her  diameter;  for  this  reafon  the  diftance  and  diameter  of  the 
moon  here  found  are  a  little  different  from  the  true  ones:  but  that  difference 
is  not  confiderable,  and  J  fhall  in  the  proper  place  give  the  true  diftance  and  di¬ 
ameter  of  the  moon,  deduced  from  the  true  femidiameter  of  the  earth. 

•  1 50  Example  5;  let  it  be  enquired  how  far  the  lkadow  of  an  upright  pillar 
will  be  extended  at  noon,  upon  a  level  pavement,  the  meridian  altitude  of  the 
fun  and  the  height  of  the  pillar  being  given;  fuppofe  the  meridian  altitude  of 
the  fun  is  co°,  and  the  height  of  the  pillar  100  inches;  here  is  a  triangle  cab  82 

E  *  whole 
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Fig.  whofe  angle  at  a  is  a  right  one  by  the  fuppbhtion  ;  the  angle  at  b  is  50  by  the 
82  fuppofition  alfo;  therefore  the  angle  c  the  complement  of  b  is  40  §  55  Cor.  5^; 
in  this  triangle  if  c  a  be  made  radius,  ab  will  be  the  tangent  of  the  angle  c  of  40  , 
§  140  cafe  2;  we  may  fay  then,  as  radius  to  tangent  ol  40  ,  io  c  a  is  to  ab. 
the  tangent  of  40°  is  8390996,  therefore  10000000  :  8390996  ::  ca  :ab; 
but  the  meafure  of  c  a  is  given  100  inches;  from  thefe  three  numbers  given, 
the  4th,  viz.  the  length  of  ab  in  inches,  is  eafily  found  by  the  golden  rule  to 
be  83  inches:  for  10000000  :  100^'::  8390996  :  83^*". 

•  1  51  In  the  foregoing  examples  I  have  made  ufe  of  natural  fines  &c-,  it 
* reoiciii^s  to  fhew  the  ufe  of  the  other  part  ot  the  tables;  viz.  the  logarithms 
.of  the  fines  and  tangents.  Logarithms  are  numbers  fo  contrived  that  by 
‘making  ule  of  them,  the  difficult  operations  of  arithmetic  may  be  performed 
•by  the  help  of  more  eafy  ones:  thus,  inftead  of  multiplication  in  natural  num¬ 
bers,  we  may  work  by  addition  in  logarithms;  inftead  of  divifion,  by  fubftra- 
•Ction;  inftead  of  fquaring  or  cubing  a  number,  or  raifmg  other  powers,  we 
‘work  by  multiplication;  inftead  of  extracting  the  root  of  a  fquare,  cube,  or 
•other  power,  we  ufe  divifion. 

•  152  There  is  ufually  at  the  end  of  the  table  of  fines,  another  table  in  which 
-any  number  within  the  compafs  of  the  table  being  given,  its  logarithm  may 
•be  found;  or  the  logarithm  being  given,  its  number  may  be  found. 

•  If  two  numbers  are  to  be  multiplied  together,  add  together  the  logarithms 
•of  the  given  numbers;  and  the  fum  of  them  is  the  logarithm  of  the  produd. 

•  If  one  number  is  to  be  divided  by  another,  fubftraCt  the  logarithm  of  the 
•divifor  from  the  logarithm  of  the  dividend;  the  remainder  is  the  logarithm 
•of  the  quotient. 

•  From  whence  it  follows,  that  in  the  direCt  golden  rule,  if  you  add  the  lo- 
•garithms  of  the  fecond  and  third  terms  together,  and  from  the  fum  of  them 
•fubftraCt  the  logarithm  of  the  firft,  the  remainder  is  the  logarithm  of  the 
•fourth  term. 

•  The  calculation  of  fpherical  triangles  and  of  fome  oblique-angled  plain 
•triangles  is  made  more  eafy,  if  we  make  ufe  of  logarithmic  fines,  and  tangents 
•inftead  of  natural  ones;  I  have  faid  fo  much  of  them  in  this  place,  to  explain 
•the  tables  of  which  I  gave  a  fpecimen:  for  a  fuller  account  of  logarithms 
•fee  Wallis's  Algebra ,  c.  12.  Halley  Philo f  tranf.  N.  216.  Par  die's  Geometr.  /. 

•  5.  Keil  de  Logarithmis.  Sherwins  tables.  &c. 

153  If  a  ftrait  line  ftands  exaCtly  upright  upon  a  plane,  as  an  upright  pillar 
does  upon  a  level  pavement;  that  line  is  faid  to  be  perpendicular  to  the  plane: 
S3  thus,  the  line  ab,  fig.  83,  is  perpendicular  to  the  plane  cdef,  if  it  makes 
right  angles  with  all  the  lines,  as  ce  or  de,  which  can  be  drawn  upon  the  plane 

•  through 
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through  the  point  b:  a  thread  with  a  bullet  at  the  end  of  it,  hung  over  a  table 
that  Rands  exactly  level,  will  be  perpendicular  to  the  furface  of  the  table. 

154  If  a  Rrait  line  Rands  obliquely  upon  a  plane,  as  a  pillar  that  leans  does 
upon  a  level  pavement ;  that  line  is  faid  to  be  inclined  to  the  plane ,  and  the  a- 
cute  angle  contained  between  the  plane  and  the  line  where  they  approach  near- 
eR  to  one  another  is  the  angle  of  the  lines  inclination:  thus,  fig.  83,  the  line  ob 
is  inclined  to  the  plane  cdef,  and  the  angle  of  its  inclination  is  obi. 

155  A  Jlrait  line  ab  is  parallel  to  a  plane  cdef,  and  the  plane  cdef  is  pa¬ 
rallel  to  a  ftrait  line  ab,  fig.  107,  when  every  part  of  the  line  is  equally  di- 
Rant  from  the  plane:  that  is,  when  all  the  lines  which  can  be  let  fall  from 
the  line,  perpendicular  to  the  plane,  as  gh,  il,  mn,  are  equal. 

156  A  point  is  faid  to  be  in  a  plane  produced,  when  the  plane  continued  or 
extended  would  pafs  through  that  point:  a  point  is  faid  to  be  elevated  above  a 
plane ,  when  a  line  drawn  from  the  point  to  the  center  of  the  plane,  is  either 
perpendicular  or  inclined  to  the  plane:  thus,  fig.  83,  the  point  m  is  in  the 
plane  cdef  produced,  but  the  points  a  and  o  are  elevated  above  that  plane: 
thus  alfo,  fig.  96,  let  fghi  be  a  circle  viewed  obliquely,  the  point  a  is  in  the 
plane  of  this  circle  produced,  but  the  points,  b,  c,  d,  e,  are  all  elevated  above 
the  plane  of  the  circle :  viz.  b  and  c  above  one  fide  of  the  plane,  and  d  and 
E  above  the  other  fide  of  it. 

1 57  Parallel  planes  are  Rich  as,  how  far  fo  ever  they  be  extended,  will  never 
meet,  but  continue  Rill  equidiRant :  the  diRance  between  parallel  planes  is 
meafuredby  Rrait  lines  drawn  from  one  plane  to  the  other,  fo  as  to  be  perpen¬ 
dicular  to  both  of  them;  if  thefe  perpendiculars  are  all  equal,  the  planes  are 
parallel:  thus,  if  a  coach  glafs  be  throughout  of  the  fame  thick nefs,  the  two 
furfaces  of  it  are  parallel  planes;  the  oppofite  fides  of  a  die  are  alfo  parallel 
planes. 

158  If  one  plane  Rands  exactly  upright  upon  another,  as  an  upright  wall  does 
upon  a  level  pavement,  thofe  planes  are  faid  to  be  perpendicular  to  one  another, 
or  to  interfett  each  other  at  right  angles.  See  fig.  86. 

1 59  If  one  plane  Rands  obliquely  upon  another,  as  a  wall  that  leans  does 
upon  a  level  pavement,  it  is  faid  to  incline  to  it,  and  the  angle  contained  be¬ 
tween  thofe  two  furfaces  of  the  planes  which  are  neareR  to  each  other,  is  called 
the  angle  of  their  inclination .  See  fig.  84  and  85. 

160  Any  two  planes  abcd  and  befc,  fig.  84,  which  are  not  parallel,  will, 
if  both  of  them  be  extended,  interfedt  each  other  in  a  right  line  bc,  which  is 
called  their  common  f'ecl ion. 

16 1  The  inclination  of  two  planes  is  meafured  by  an  angle  contained  be¬ 
tween  two  right  lines  which  are  drawn  upon  the  planes,  perpendicular  to 

E  2  their 
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G.  their  common  feftion,  and  meet  in  a  point  of  it:  thus,  fig.  84,  let  there  be  two 

84  planes  abcd  and  befc*  whofe  common  fedtion  is  bc;  from  any  point  thereof 
as  h  draw  upon  the  planes  the  lines  h  g  and  h  i  perpendicular  to  b  c ;  the  angle 

g  h  1  is  the  angle  of  inclination  of  thofe  planes.  .  . 

162  If  two  planes  interfering  one  another  be  imagined  to  move  upon  their 
common  fedion,  as  the  lid  of  a  fnuff  box  does  upon  its  hinge,  the  wider  the 
planes  are  opened  afunder,  the  greater  is  the  angle  of  their  inclination,  till  they 
are  opened  fo  wide  that  one  is  perpendicular  to  the  other.  If  two  cards,  or 
pieces  of  ftiff  paper  be  cut,  each  half  through,  and  let  one  into  the  other,  you 

85  may  by  opening  them  more  or  lefs  reprefent  the  different  inclinations  of  two 

86  planes:  fee  the  eighty  fifth  and  eighty  fixth  figures. 

163  Any  two  circles  defcribed  upon  parallel  planes  with  their  centers  ex¬ 
actly  oppofite  to  one  another,  fo  that  if  a  line  were  drawn  perpendicularly  to 
the  planes  through  the  center  of  one  circle,  that  line  if  extended  would  pafs 
through  the  center  of  the  other  circle,  are  parallel  circles  :  circles  drawn  upon 
the  oppofite  fides  of  a  die  with  their  centers  exadly  oppofite  are  parallel.  Cir¬ 
cles  may  be  parallel  whether  they  be  equal  to  each  other  or  not. 

164  Any  two  circles  are  faid  to  incline  to  each  other  which  are  drawn 
from  the  fame  center  upon  inclining  planes,  and  the  angle  ot  their  inclination 
is  the  fame  as  that  of  the  planes  upon  which  they  are  drawn.  Two  circles  are 
perpendicular  which  are  drawn  from  the  fame  center  upon  perpendicular 
planes:  two  circles  may  be  perpendicular  or  inclined,  whether  they  be  equal 

8-  or  not:  the  87th  figure  gives  a  view  of  two  equal  circles,  abcd  and  efgh, 

ss  having  the  fame  center  m,  drawn  upon  planes  perpendicular  to  each  other:  the 

89  88th  figure  fhews  two  unequal  and  perpendicular  circles:  the  89th  figure  repre- 

90  fents  two  circles  equal  and  inclined:  and  the  90^  figure  two  circles  unequal  and 
inclined:  in  every  one  of  thefe  figures,  ac  is  the  common  fedion  of  the  planes 
of  the  interfering  circles,  and  m  is  their  common  center.  Circles  having  dif¬ 
ferent  centers  may  alfo  be  drawn  upon  inclining  planes;  but  thefe  fall  not  under 
our  prefent  confideration. 

1 65  A  folid  or  folid figure  is  that  magnitude  in  which  we  may  confider  three¬ 
fold  extenfion,  viz .  length,  breadth,  and  thicknefs:  every  piece  or  particle  of 
matter,  of  what  fhape  foever,  is  a  folid,  becaufe  it  is  conceived  as  having  this 
threefold  extenfion,  and  it  may  be  enquired  how  long,  how  broad,  and  how 
thick  or  deep  it  is;  but  we  need  at  prefent  confider  only  two  or  three  of  the 
regularly  fhaped  folids,  as  a  fphere,  a  cone,  a  cylinder,  and  a  cube. 

&i66  When  geometers  fpeak  of  a  folid,  they  do  not  always  mean  that  it 
fhould  confift  of  grofs  material  parts,  as  the  word  folid  may  feem  to  imply; 

pure  fpace  it  felf,  though  it  be  conceived  perfectly  empty  and  void  of  all  matter, 
*  has 


INTRODUCTION. 


37 


has  this  threefold  extendon;  and  any  part  of  infinite  fpace,  when  we  imagin  fig. 
it  of  any  determinate  largenefs  and  figure,  is  a  folid  in  geometry  :  thus,  the  in- 
fide  of  a  vefiel,  whatever  its  fhape  be,  may  be  called  a  folid,  whether  the  vefiel 
be  full  or  empty;  becaufe  it  may  be  meafured  in  length,  breadth,  and  thick- 
nefs,  and  its  capacity  found  how  much  it  may  contain:  fo  that  when  we  fpeak 
of  a  fphere,  cone,  or  cube,  we  may  only  confider  a  figure  having  threefold  ex- 
tenfion,  of  fuch  a  fhape  and  fize,  without  regarding  whether  it  con  fills  of 
matter  or  of  pure  fpace. 

167  A  fphere  or  globe  is  a  folid  every  way  perfectly  round:  the  ivory  balls 
ufed  at  a  billiard  table,  and  the  marbles  children  play  with  are  fpheres  or 
globes.  A  fphere  and  a  globe  fignify  originally  the  fame  thing,  viz.  a  round 
body,  in  different  languages;  but  cuftomhas  prevailed  fo,that  when  we  fpeak 
of  the  bodies  of  the  fun,  moon,  earth,  planets,  or  ftars,  which  we  fuppofe  to 
be  round  bodies,  we  call  them  globes;  but  when  we  fpeak  of  the  heaven,  in 
the  concave  furface  of  which  the  fun,  moon,  ftars,  and  all  the  heavenly  bodies 
appear  to  be  placed,  we  call  it  the  fphere  of  the  heaven,  or  of  the  fixt  flars:  ge¬ 
ometers  alfo  when  they  confider  a  round  folid  abftra<ftedly,  and  the  circles  or 
other  lines  which  may  be  imagined  to  be  drawn  upon  the  furface  of  it,  whe¬ 
ther  confidered  as  convex  or  concave,  are  faid  to  treat  of  the  fphere.  We  may 
imagin  as  many  circles  as  we  pleafe  drawn  upon  the  convex  furface  of  the 
globe  of  the  earth,  or  upon  the  concave  furface  of  the  fphere  of  heaven:  the 
circles  of  both  thefe  kinds,  are  called  in  books  of  aftronomy  the  circles  of  the 
fphere ,  and  an  explanation  of  the  nature  and  ufe  of  them  in  aftronomy  or  ge¬ 
ography  is  called  the  doctrine  of  the  fphere. 

168  The.  formation  of  a  fphere  is  commonly  thus  explained;  imagin  a  femi- 
circle  acb,  fig.  91,  to  turn  round  upon  its  diameter  ab,  till  it  comes  to  its  firft  91 
fituation,  and  it  will  defcribe  a  fphere:  the  center  of  this  femicircle  will  alfo 

be  the  center  of  the  fphere  thus  defcribed  by  it.  Any  ftrait  line  drawn  through 
the  center  of  a  fphere,  and  terminated  at  each  end  by  the  furface  of  it,  is  called 
a  diameter.  Any  ftrait  line  drawn  from  the  center  to  the  furface,  is  a  radius ,  or 
femidiameter  of  the  fphere.  Ail  radius’s  or  femidiameters  of  the  fame  or  equal 
fpheres,  are  equal;  as  are  alfo  all  their  diameters:  this  is  evident  from  §  25. 

169  A  great  circle  is  that  which  divides  the  fphere  into  two  equal  parts:-  a 
lefs  circle  is  that  which  divides  the  fphere  into  two  unequal  parts :  fig.  95.  95 

170  Any  ftrait  line  which  touches  a  fphere  on  its  convex  furface,  in  fuch 
a  manner  that  the  line,  if  extended  both  ways,  would  not  enter  into  the  fphere, 
is  called  a  tangent  to  the  fphere.  Any  radius  of  a  fphere  drawn  to  the  point  of 
contadl,  is  perpendicular  to  the  tangent:  in  fig.  92,  ab  is  a  tangent  to  the  ^ 
fphere  defg;  and  cd  drawn  to  the  point  d  is  perpendicular  to  ab.  Any  tan¬ 
gent  to  a  great  circle  of  a  fphere  is  a  tangent  to  that  fphere.  17 1  Any 
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fig  °  17 1  Any  firait  line  ab  or  CB,fig.  93,  {landing  exactly  upright  either  upon  the 

‘  93  concave  or  convex  furface  of  a  fphere,  is  faid  to  be  perpendicular  to  the  Sphere: 
fucli  a  line  continued  through  the  fphere  would  pafs  through  the  center  of  it; 
and  the  converfe  of  this  is  true,  that  any  ftrait  line  drawn  from  the  center  to 

the  fpherical  furface,  or  through  it,  will  be  a  perpendicular. 

172  If  the  arcs  of  three  great  circles  be  drawn  upon  the  furface  or  a  iphere, 
fo  as  to  meet  in  three  points,  they  will  form  a  fpherical  triangle ,  as  abc,  fig-94* 
94  173  The  meafure  of  a  fpherical  angle  bac,  fig.  94,  is  the  arc  ec  01  a  gLeat 

94  circle  defcribed  from  the  angular  point  a,  intercepted  between  the  fides  ab 
and  ac  continued  to  quadrants. 

174  The  common  terrejlrial  globe  reprefents  very  wed  the  earth  and  lea, 
the  fituation  of  mountains,  rivers  with  the  extent  of  kingdoms,  and  Rates; 
and  has  befides  feveral  circles  drawn  upon  it,  to  reprefent  fuch  as  we  may  con¬ 
ceive  to  be  drawn  upon  the  fpherical  furface  of  the  earth  it  felf. 

17  c  The  common  c  el  eft  ial  globe  reprefents  the  convex  furface  of  the  fphere 
of  the  heaven,  fuch  as  it  would  appear  to  us,  if  we  were  placed  without,  at  an 
immenfe  difiance  from  it;  and  has  feveral  circles  drawn  upon  it,  to  reprefent 
fome  which  may  be  imagined  to  be  drawn  upon  the  fphere  of  the  heaven.  An 
artificial  fphere  is  a  machine  which  has  the  principal  circles  of  the  fphere 
drawn  upon  hoops,  or  reprefented  by  rings  of  brafs  or  other  metal.  The  circles 
of  the  fphere  may  alfo  be  drawn  upon  the  furface  of  a  hollow  fphere  made 
of  o-lafs :  fuch  an  one  I  have  for  many  years  made  ufe  of  in  reading  lectures. 

176  A  fphere  adbf,  fig.  95,  may  be  confidered  as  put  into  fuch  a  whirling 
95  motion  round  one  of  its  diameters  ab,  as  boys  give  a  top;  this  motion  is  call¬ 
ed  a  rotation ,  becaufe  it  is  like  the  turning  of  a  wheel  round  its  axletree :  the 
diameter  ab,  round  which  the  rotation  ot  the  fphere  is  made,  is  called  the 
axis :  the  two  extreme  points  of  the  axis  a  and  b,  terminated  by  the  lurface 
of  the  fphere,  are  the  poles  of  the  fphere:  by  this  rotation,  every  point  of  the 
fnherical  furface,  except  the  poles,  defcribes  a  circle ;  thus,  the  point  g  defcribes 
the  circle  ghil,  the  point  c  defcribes  the  circle  cdef,  the  point  m  defcribes 
the  circle  mnop:  the  circle  cdef  defcribed  by  a  point  c  equally  difiant  from 
both  poles,  is  a  great  circle ;  to  this  the  other  circles  are  all  parallel :  every  pa¬ 
rallel  grows  lefs,  the  nearer  the  point  defcribing  it  is  to  either  of  the  poles. 
Any  circle  may  be  conceived  as  a  great  circle  drawn  upon  a  fphere,  and  to 
have  its  axis  and  its  poles.  I  have  in  the  figure  fuppofed  the  fphere  to  be  tranf- 
parent,  that  the  circles  drawn  upon  it  might  be  feen  entiie. 

17*7  Any  two  great  circles  of  the  fame  fphere  which  interfeft  each  other, 
p  '  .  will  divide  one  another  into  two  equ  1  parts,  fheodof  Spharic .  L  1 .  prog  1 1 . 

,  78  Jf  a  plane  be  imagined  to  pals  tnrough  a  Iphere,  thejedhon  of  the  fphere. 
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that  is  the  curve  defcribed  upon  the  plane  by  the  furface  of  the  fphere  paffino-  fig 
through  it,  will  be  a  circle :  if  the  plane  which  cuts  through  a  fphere  palfes  ' 
through  the  center  of  it,  the  fedion  of  it  is  a  great  circle  of  that  fphere  •  if  the 
plane  does  not  pais  through  the  center,  thefedion  is  a  lefs  circle:  a  plane  that 
cuts  through  a  fphere  and  pafles  through  the  center,  divides  it  into  two  equal 
parts,  which  are  called  hemi/pheres,  or  half  fpheres:  a  plane  that  cuts  through 
a  lpnere,  and  does  not  pafs  through  the  center  of  it,  divides  it  into  two  unequal 
parts,  either  of  which,  elpecially  the  leaf!,  is  called  *  figment  of  a  fphere-.  thus  9S 

fig.  95,  ahgli  is  a  fegment  of  the  fphere  ADBF.  J  M  95 

179  It  we  imagin  a  ftrait  line  ABpfigg.  97,  98,  99)  one  end  of  it  A  be;  9; 

fixt,  to  be  carried  round,  all  the  while  touching  the  fides  of  a  triangle  fquare°  98 

or  polygon,  above  whofe  plane  the  point  a  is  elevated;  it  will  deVcdbe  a  " 

oud  called  *  pyramid:  the  vertex  of  the  pyramid  is  the  immoveable  point  a 

the  baje  of  it  is  the  mangle,  fquare,  or  polygon,  round  which  the  line  is  fup- 
poled  to  be  carried.  * 

Bcnl°  !n  7f  tak6ran  iomTble  POi,K  A  eIevatedabove  the  plane  of  a  circle  ,00 
both  and/UpP°fe  a  ftra‘c  hne  *z  d‘'awn  through  the  point,  and  extended 
both  way  from  it  to  an  indefinite  length,  to  be  carried  quite  round  the  circle, 

all  the  while  touching  its  circumference,  and  continuing  Hill  fixt  to  the  im¬ 
moveable  point,  the  line  by  this  motion  will  deferibe  two  conic  furfaces  which 

are  vertical,  or  oppohte,  having  their  common  vertex  at  the  immoveable 
point  a,  fig.  1 00. 

18 1  The  folid  contained  within  the  conic  furface,  between  the  immove¬ 
able  point  A  and  the  circumference  of  the  circle  B  c  d  e,  is  a  cone.  fig.  roo  :  the  .  oo 
immoveable  point  A  is  the  vertex:  the  circle  bcde,  is  the  bafe :  and  a  ftrait 
line  af  drawn  from  the  vertex  to  the  center  of  the  bafe,  is  the  'axis  of  the  cone: 

all  fit  ait  lines  drawn  from  the  vertex  to  the  circumference  of  the  bafe  as  ab 
ac,  ad,  ae,  &c.  are fides  of  the  cone.  5  ’ 

182  If  the  axis  of  a  cone  be  perpendicular  to  its  bafe,  it  is  called  a  right 

cfT*.  1  7  ’S  reprelf,nte<J)  %'  )0> :  if  the  axis  be  inclined  to  the  bafe,  if  is  ■»' 

w  vs  u^ifZd  °|  T  CWe’  fUCh-aS  k  drawn>  %  I02:a  right  cone  is  al- 
w  J)S  undentood  wnen  the  contrary  is  not  expreil. 

183  The  formation  of  a  right  cone  may  be  conceived  in  another  manner 
by  the  revolution  of  a  right-angled  triangle  round  one  of  its  legs,  as  upon  an 

af beVvt  aadTr  1  L  f™*  7  *  nfht'angled  triang!e  bfa,  let  one  of  its  legs  .0. 
the  cone  L  b  b  p™"2  7  7  f  r0und  it5  there  wiiI  thcn  ^  defcribed 
tL  ciicle  B  E  c  nWf  "e°[  7,  ,  fixt,  le§.°f  the  trianSle  wil>  be  the  axis,  and 

c.idc  b  E  CD  defcribed  by  the  other  leg  bf  will  be  the  bafe. 

1  4  C0-ne  delcnbed  as  in  the  preceding  fedion  will  be  more  or  lefs  a- 

cute. 
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F , G.  cute,  according  as  the  acute  angle  b  a  f  adding  to  A  F  ^ 

>°3  of  the  defcribing  triangl?  is  more  or  lefs  acute  .  taus,  g.  3> 

-ls§E 3S3S-SKI 
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B  areSfuchAas  have  their  axes  and  the  diameters  of  their  bafes 

186  Zn  Zht  cones  having  the  fame  acutenefs  are  fimilar:  and  con- 
proportional :  all  right  cones  na  g  through  by  a  plane  de  pa- 

,04  fequently,  if  any  right  cone  abc,  fig.  04,  b cut  h  g  aJ  ■ 

rallel  to  the  bafe,  the  legmen*  ad*  will  be  a  c  f  ^  ^  .g  evident- 
o_  Vertical  cones  whofe  bafes  aie  parallel,  .  , 

,00  from  a7  view  of  the  too*  .figure,  of  a  cone, 

104  be  emthrough  byt' plane  de  mwhich  thesis  AF  ’is  perpendicular,  the 

^"'ifallteMes"'  a  cone  are  cut  through  by  a  plane  to  which  the 
»  axR  is  inclined,  the  conic  fection  ^ ^  f^onL  hat  are 

fimikr  Is  m re Song!  the  lefs  the  angle  is  which  the  axis  of  the  cone  makes 
,06  S  die  interfering  plane:  thus,  the  ellipfis  oe  is  more  oblong  in  hg.  too, 

,oS  than  the  dip*  by  a  plane  to  which  one  of  the  fides  of  the 

•  n^l  the  feftion  is  called  a  parabola :  thus,  fig.  iob,  let  the  cone  a 

'  Tm  S  “«  “  » «4 1*  *  *  “  r**™  w 

10?  a  parabola,  fuel  as  is  reptefenred,  fig.  sop,  C^C  p t),e  ;,p:,  0f  the 

•  1 92  If  a  cone  is  cut  through  by  a  plane  to  wh  ch  one  ot  t  ^ 

c°ne  ^eTonTwould  ineetdn  a  point  beyond  the  vertex  of 

no  Mhe  feaion  is  ’called  „  byfeMa:  thus,  thw  bothofthem 

through  by  the  plane  oc  to  which  the  tide  b  a  is  to  inclined,  mended 
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extended  both  ways  from  the  bafe  would  meet  fomewhere  beyond  the  vertex,  fig. 
in  the  point  h,  the  fedtion  will  be  an  hyperbola,  fuch  as  is  reprefentcd,  fU.  ,u 
hi,  by  the  curve  d c e. 

193  If  a  ftrait  line,  which  is  either  perpendicular  or  inclined  to  the  plane 

of  a  circle  bcde,  figr  112,  be  carried  round  the  circle,  all  the  while  continuing  m 

parallel  to  itfelf  in  its  firfl:  fituation,  and  touching  with  one  end  b  the  circum- 
feience  of  the  circle,  the  line  will  defcribe  a  cylindrical  furface:  the  circle 
bcde  is  the  bafe  1  to  this  the  point  a  at  the  other  end  of  the  line  will  defcribe 
another  circle  equal  and  parallel,  viz.  afgh,  which  maybe  alfo  called  a  bafe: 
the  folid  contained  between  the  cylindrical  furface  and  the  planes  of  thefe  two 
bafes,  is  called  a  cylinder :  a  ftru.it  line  mn  drawn  from  the  center  of  one  bale 
to  the  center  of  the  other,  is  the  axis  of  the  cylinder :  the  defcribing  line  ab  in 
every  different  fituation  as  ab,  gd,  &c  is  a  fde  of  the  cylinder. 

194  If  the  axis  of  a  cylinder  is  perpendicular  to  the  bafe,  it  is  a  right  cy¬ 
linder,  fig.  1 12:  rolling  ftones  ufed  in  gardens  are  right  cylinders.  If  the  axis  ZI2 
of  a  cylinder  is  inclined  to  the  bafe,  it  is  a  fcalenous  or  oblique  cylinder  fio-  rio 

The  formation  of  a  right  cylinder  is  by  fome  explained,  by  imagining  a  red-  * 
angle  to  revolve  round  one  of  its  tides:  thus,  fig.  112,  if  we  imagin  the  red-  1I2 

angle  abmn  to  turn  round  the  fide  mn,  that  fide  being  all  the  while  fixt 
there  will  be  defcribed  the  cylinder  abdg. 

195  If  a  plane  daeb  to  which  the  axis  is  perpendicular  cuts  through  all  Int 
the  fides  of  a  cylinder,  the  fedion  arifing  from  thence  is  a  circle,  fig.  m4. 

196  If  a  plane  to  which  the  axis  is  inclined  cuts  through  all  the  fides  of  n< 
a  cylinder,  the  fedion  is  an  ellipfis,  figg.  1 15,  1 16:  this  eliipfis  is  more  oblong,  Il6 
the  lels  the  angle  is  which  the  axis  makes  with  the  interfering  plane*  thus 
the  ellipfis  daeb  in  fig.  1 16,  is  more  oblong  than  the  ellipfis  daeb  in  1 1  / 

197  A  Cube  is  a  folid  terminated  by  fix  fides,  every  one  of  which  is  an 

exad  fquare:  fuch  is  a  well  made  die,  called  in  Greek  cubos,  from  whence 
the  word  cube  is  derived* 

198  The  formation  of  a  cube  may  be  thus  conceived;  imagin  a  fquare 
abcd,  fig.  1 17,  to  be  carried  parallel  to  it  fe If,  the  length  of  one°of  its  fides 
as  along  the  line  ha  equal  to  ad,  when  this  fquare  has  palled  from  its  firit 
fituation  abcd,  and  is  come  into  the  fituation  abcdy  it  will  have  defcribed  the 

cube  hzccda.  T  he  fide  or  root  of  the  fquare  by  which  the  cube  is  generated 
is  called  alfo  the  root  of  the  cube. 

199  If  every  fide  of  a  cube  is  a  foot  fquare,  the  cube  is  called  a  cubic  foot;, 
it  a  fide  is  an  inch  lquare,  it  is  a  cubic  inch,  CSc:  the  meafure  of  any  cube  is 
expreft  by  faying  how  many  cubic  feet,  cubic  inches,  &c  it  may  be  divided  into 

200  To  find  how  many  cubic  feet,  inches,  &c  are  contained  in  a  cub  •  fi  J 
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how  many  fquare  feet,  inches  &c  are  contained  in  one  of  the  fides,  and  mul¬ 
tiply  that  number  by  the  fquare  root ;  thus,  let  a  fide  of  the  cube  abcd,  fig.  1 1 V, 
be  1 6  inches  fquare,  the  root  or  fide  of  the  fquare?  6  is  4,  multiply  16  by  4, 
the  product  64  is  the  number  of  cubic  inches  in  the  cube  abcd.  . 

•201  If  a  fquare  number  be  multiplied  by  its  lquare  root,  the  product  1  Sa 
cube  number  5  which  is  fo  called,  becaufe  if  we  imagin  every  unit  of  which  the 
produdt  con  lifts  to  be  reprefented  by  a  little  cube,  the  whole  product :  may  be 
reprefented  by  a  larger  cube  containing  all  thole  little  ones:  thus,  if  the  num¬ 
ber  16  the  fquare  of  4  be  multiplied  by  4  the  lquare  root  ot  it,  the  proau c 
s  6a  may  be  reprefented  by  the  cube  abcd,  fig.  1 18,  containing  64  little  cubes 
‘  202  As  a  fquare  is  the  meafure  of  all  furfaces,  §  62,  fo  a  cube  is  the  meafure  of 
all  folids  the  dimenfions  of  which  are  expreft  by  faying  how  many  cubic  feet, 
cubic  inches,  or  cubic  tenths  of  an  inch,  &c  they  contain :  thus,  i  may  coniider 
and  exprefs  how  many  cubic  feet  are  contained  in  a  mountain,  or  in  tne 
globe  of  the  earth,  or  in  the  fun  or  moon,  or  in  any  planet  or  ftar. 

203  How  to  meafure  either  the  fuperficial  or  folid  content  ot  a  cone,  cy¬ 
linder,  or  any  other  regular  folid,  may  be  feen  in  the  common  books  of  geo¬ 
metry  a;  a  fphere  or  globe  is  the  only  folid,  befides  the  cube,  whofe  menfura- 
tion  welhail  have  occafion  to  confider  at  prefent:  the  way  to  meafure  the  cube 
has  already  been  fhewn,  §  2005  how  to  find  the  dimenfion  of  the  globe  will  be 
feen  in  the  two  following  fe&ions. 

204  To  find  the  fuperficial  content  of  a  globe ,  the  circumference  or  diameter 
being  given*,  find  the  area  of  a  great  circle  of  the  globe  by  §  68,  and  multiply 
that  area  by  the  number  four,  the  produdt  is  the  fuperficial  content  required: 
thus,  fuppofe  the  circumference  of  the  earth  to  be  24930  engliih  miles,  the 
diameter  7935,  §  457;  the  area  of  a  great  circle  upon  the  earth  will  be 
49454887’,  miles:  the  produdt  of  this  number  multiplied  by  4  is  1978 19550, 
which  is  the  number  of  fquare  engliih  miles  contained  in  the  iurface  ol  the 


earth. 

20  c  To  find  the  folid  content  of  a  globe,  the  fuperficial  content  being  given ; 
multiply  the  fuperficial  content  by  a  iixth  part  of  the  diameter  of  the  globe, 
the  produdt  is  the  folid  content  required:  thus,  fuppofe  the  fuperficial  content 
of  the  globe  of  the  earth  be  found  197474980  lquare  engliih  miles,  by  the 
preceding  fedtionj  multiply  this  number  by  1322I  the  fixth  part  of  7935, 
the  number  of  engliih  miles  the  diameter  of  the  earth  amounts  to,  and  the 
produdt  261616354875,  is  the  number  of  cubic  engliih  miles  contained  in 
the  globe  of  the  earth. 

The  following propofitiom  about  the  nature  of  light,  refir aBion,  andvifion  are  Jo 
ufeful  in  aftronomy ,  that  IJhall  make  no  apology  for  infer  ting  them  in  this  place, 

a  Tacquet  Geometria  praflicu  l.  3.  c.  18,  Par  die  Gcometr.  A'-;.  206  >> 
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206  Light  c onlifts  of  exceedingly  fmall  diftindt  parts  of  mattera,  which  fig. 
moving  with  a  prodigious  fwiftnefs  enter  our  eyes,  and  imprefs  upon  the  inter¬ 
nal  parts  of  them  that  motion  which  excites  in  our  minds  the  fenfation  we 

call  feeing:  light  either  comes  diredtly  from  a  luminous  body,  as  the  fun,  a 
flar,  fire,  &c-t  or  elfe  being  emitted  from  a  luminous  body,  and  falling  upon 
an  opake  one,  is  from  thence  reflected,  or  thrown  back,  and  fcattered  every 
way:  luminous  bodies  are  inceflantly  dreaming  out  thefe  particles  of  light; 
opake  bodies  continue  to  refledt  light  no  longer  than  they  receive  it  from 
luminous  ones. 

207  Though  the  progrefiive  motion  of  light  be  exceedingly  fwift,  yet  it  is 
not  infbantaneous,  but  it  lpends  fome  time  in  pafiing  from  one  place  to  ano¬ 
ther:  what  the  velocity  of  light  is,  will  be  fhewn  in  a  proper  place. 

208  Light  may  be  considered  either  as  contemporary  or  fuccefliveb:  the 
light  which  falls  upon  an  objedt  all  at  once,  in  the  fame  inftant,  is  contempora- 
rary-y  the  light  which  from  time  to  time  continues  to  fall  upon  an  objedt,  is 
fuccejjive ,  confifting  of  parts  following  one  another,  as  the  parts  of  water  do 
that  are  forced  in  a  continued  ftream  out  of  the  fpout  of  an  engin. 

209  The  lead:  light  or  part  of  light  which  can  be  conceived  to  adt  or  be 
adted  upon  alone  by  itfelf,  is  called  a  ray  of  light. 

210  Empty  ipace,  or  any  body  that  is  tranfparent,  that  is,  through  which 
any  rays  of  light  can  pafs,  as  air,  water,  oil,  &c3  is  called  a  medium. 

2 1 1  A  lens  is  a  folid,  convex  on  both  fides,  fhaped  like  a  lentil,  from  whence 
it  has  its  name:  each  fide  of  a  lens  is  a  fegment  or  piece  of  a  iphere:  the  fides 
of  a  lens  may  be  fegments  of  equal  fpheres,  or  of  unequal  ones:  when  we  fpeak 
of  a  lens  in  optics,  we  generally  mean  a  piece  of  glals  of  this  figure;  fuch  as  a 
burning-glafs,  or  a  fpedtacle-glafs:  a  lens  may  be  made  of  water,  or  any  other 
tranfparent  liquor,  by  inclofing  it  between  two  thin  concave  pieces  of  glafs : 
the  chryftalline  humour  in  the  eye  is  a  lens  formed  of  that  liquor  which  con- 
ftitutes  it,  inclofed  between  the  coats  of  the  eye.  If  a  circular  plane  be  ima¬ 
gined  to  divide  the  fegments  of  fpheres  which  form  a  lens,  that  plane  may 
be  called  the  feclion  of  the  lens:  the  axis  of  a  lens  is  a  line  drawn  from  the 
middle  point  of  one  of  its  convex  furfaces  to  the  middle  point  of  the  other: 
the  axis  of  a  lens  extended  both  ways  would  pafs  through  the  centers  of  the 
fpheres  whereof  the  convex  furfaces  of  the  lens  are  fegments:  a  lens  is  turned 
diredtly  towards  an  objedt,  when  its  axis  if  extended  would  fall  upon  the 
middle  point  of  the  objedt:  in  fig.  1 19,  ghlm  is  a  lens;  hm  the  axis:  gl  the  II9 
fedtion,  a  and  b  the  centers  of  the  fpheres  whereof  the  furfaces  of  the  lens  are 
fegments:  in  fig.  127,  the  lens  fghi  is  turned  diredtly  towards  the  objedt  abc.  127 

•a  Newt.  Optics p.  345.  b  Newt.  Opt.  p.  z. 
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fig  212  The  rays  of  light,  in  palling  through  a  medium  that  is  throughout  of 
’  the  fame  denfuy,  go  in  ftrait  lines.  If  a  ray  of  light  goes  out  of  one  medium  into 
another  of  a  different  denfuy,  as  out  of  air  into  glafs,  or  out  of  g.afs  into  an , 
if  it  falls  perpendicularly  upon  the  furface  of  the  fecond  medium,  it  will  con¬ 
tinue  to  go  on  in  a  ftrait  line,  in  the  fame  direction  as  through  the  firft  medium: 
»2o  thus,  fig.  120,  let  abc  d  be  a  folid  piece  of  glafs,  a  ray  of  light  ef  coming 
out  of  air,  and  falling  perpendicularly  upon  the  furface  of  the  glafs  a  b,  wil 
go  on  in  a  ftrait  line  epm;  in  like  manner,  the  ray  going  out  or  glafs  into  air 
at  M,  in  the  direction  f  m,  perpendicular  to  the  furface  of  air  CD,  will  go 

ftrait  on  in  the  direction  f  m  o.  ,  ,.~ 

2  m  If  a  ray  of  light,  coming  out  of  one  medium  into  another  of  a  different 

denfity,  falls  obliquely  upon  the  fecond  medium,  ft  will  be  bent  at  the  point 
of  incidence,  and  go  through  the  fecond  medium  in  a  different  direction: .this 
bending  of  the  rays  is  called  rejraBion.  The  laws  of  refraction  are  thefe;  it 
a  line  be  drawn  perpendicular  to  the  furface  of  the  iecond  medium,  a  ray  go¬ 
ing  out  of  a  thinner  medium  into  a  more  denfe  one,  is  refrafted  towards  the 
perpendicular ;  but  a  ray  going  out  of  a  denfer  into  a  thinner  medium,  is  re- 
,,0  fraCted  from  the  perpendicular:  thus,  fig.  1 20,  a  ray  G  F  falling  obliquely  upon 
"  A  B  will  be  refradted  at  f,  and  fince  glafs  is  denier  than  air,  it  will  be  bent 
towards  the  perpendicular  f  m,  and  inftead  of  the  ftrait  line  f  i,  will  go  on  in 
the  refracted  line  fh;  again,  at  h  is  its  point  of  incidence  out  of  galls  into 
air  out  of  a  denier  into  a  thinner  medium,  there  it  will  be  bent  from  the  per¬ 
pendicular  H  z,  and  inftead  of  going  on  in  its  former  direction  F  H  Lit  will 

go  in  the  refracted  line  hk.  ,  ,.  - 

214  In  the  foregoing  example,  the  furface  of  the  fecond  medium  was  fup- 
pofed  to  be  a  plane,  when  it  is  a  curve  furface,  we  confider  it  in  the  following 
manner;  a  line  which,  being  drawn  to  the  point  of  contact,  is  perpendicular 
to  the  tano-ent  of  a  curve,  is  perpendicular  to  that  curve;  a  line  which,  being 
drawn  to  The  point  of  contaft,  makes  oblique  angles  with  the  tangent,  makes 
the  like  angles  with  the  curve :  thus,  fig.  1 2  1 :  let  the  line  e  f  touch  the  curve 
abc  in  the  point  b,  if  gb  is  perpendicular  to  the  tangent,  it  will  be  alio 
perpendicular  to  the  curve;  let  the  line  h  b  fall  obliquely  upon  the  tangent,  it 
will  fall  upon  the  curve  with  the  fame  obliquity ;  that  is,  the  mixt  angle  cbh 
is  equal  to  the  reailinear  angle  f  b  h  .  See  Molyneux  dioplr.  p.  6. 

2  1  c  A  ray  of  light  palling  out  of  one  medium  into  another  of  a  different 

denfity  when  the  furface  of  the  fecond  medium  is  curve,  is  fubjeft  to  the  fame 

general  laws  of  refaction,  as  when  it  is  a  plane:  if  it  falls  perpendicularly 

upon  the  furface  of  the  fecond  medium,  it  will  continue  to  go  on  in  a  ftrait 

line  in  die  fame  direction  as  through  the  firft  medium;  if  it  falls  obliquely 
3  upon 
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upon  the  furface  of  the  fecond  medium,  it  will  be  refraded  at  the  point  of  in-  fig 
cidence,  fo  as  to  be  bent  towards  the  perpendicular,  when  it  paffes  out  of  a 
thinner  medium  into  a  more  denfe  one;  and  from  the  perpendicular,  when  it 
pailes  out  of  a  denier  into  a  thinner  medium:  thus,  fig.  122,  let  ef  1  n  be  a  122 
lens  of  glafs, upon  the  middle  point  D  of  its  convex  furface,  let  the  line  ad  fall 
perpendicularly,  it  will  then  pafs  on  in  a  ftrait  line  dg  coinciding  with  the 
axis  of  the  lens,  and  again  at  g,  where  it  leaves  the  glafs,  falling  perpendicu¬ 
larly  upon  the  furface  of  the  air  hgi,  it  will  continue  to  go  on  in  the  fame 
direction,  in  the  line  gl;  fo  that  the  paffage  of  this  ray,  firft  out  of  air  into 
glafs,  and  then  oi.t  of  giafs  into  air,  will  be  in  the  ftrait  line  adg  l. 

Let  other  rays  be,  cf,  parallel  to  ad,  fall  upon  the  fame  lens  at  the  points  .22 
E  and  f,.  thefe  will  fall  obliquely  upon  the  convex  furface  of  the  glafs,  the  den¬ 
ier  medium,  and  therefore  will  be  bent  towards  the  perpendiculars,  which  are 
here  expreft  by  fhorc  dotted  lines,  andinftead  of  going  ftrait  on  in  their  firft 
diredion,  will  go  through  the  glafs  in  the  diredions  e  h  and  f  1 ;  at  h  and  1 
falling  obliquely  upon  the  concave  furface  of  the  air,  they  will  be  again  re¬ 
fraded  and  bent  from  the  perpendicular,  fo  as  togointhe  directions  HL°and  il. 

216  From  hence  it  appears,  that  parallel  rays,  as  be,  ad,  cf  falling  upon 
a  lens  efih  turned  diredly  towards  them,  will  be  refraded  fo  as  to  converge 

or  draw  nearer  to  one  another,  till  they  meet  in  a  point  d,  fig.  122:  there  they  .22 

will  crofs,  and  from  thence  proceed  diverging,  or  fpreading  further  afunder 
as  is  expreft  by  the  lines  lm,  ln,  lo.  Molyn.  dioptr.  p.  6.  For  the  phyftcal  caufe 
of  thefe  refractions,  See  Newt.  Optics,  p.  248. 3  20.  3  24.  Smith’s  Optics,  /.  o.  a  7. 

217  When  a  ray  of  light,  in  paffing  out  of  one  medium  into  another  of  a  dif¬ 
ferent  denfity,  falls  very  much  inclined  to  the  furface  of  the  fecond  medium 
that  is,  makes  a  very  fmall  angle  with  it,  it  will  not  enter  the  fecond  medium' 

.whether  it  be  thinner,  or  more  denfe  than  the  firft;  but  it  will  be  refleded’ ' '  *- 
in  fuch  a  manner,  that  the  angle  of  refledion  ffiallbe  equal  to  the  angle  oFm-%  frf/r 
cidence:  thus,  fig.  123,  let  a  ray  e  f  fail  at  the  point  F  upon  A  b  the  furface  of  u, 
a  different  medium,  fo  as  to  make  the  angle  f.  f  a  a  very  fmall  one,  the  rav 
then  will  not  enter  the  fecond  medium  abcd,  but  will  be  refleded  in  the 

line  f G,  fo  that  the  angle  of  refledion  cfb  fliall  be  equal  to  die  angle  of  in- 
cidence  efa. 

218  I  here  confider  refraction  and  refledion  of  light  at  large  and  in  a  <re. 
neral  view,  as  if  all  the  rays  of  light  were  alike  affeded  in  paffing  through 
different  mediums,  which  accurately  fpeaking  they  are  not;  for  with  the  fame 
angle  of  incidence  feme  rays  are  more  refraded,  that  is,  bent  further  from  the 
trait  line  than  others,  and  when  they  fall  very  much  inclined  to  the  fecond 
medium  feme  are  fooner  reflected  than  others,  that  is,  with  the  fame  angle  of 
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incidence  fome  ravs  fhall  be  refleded  and  others  not,  but  they  will  require  to 
have  the  the  angle  of  incidence  ftill  lefs,  to  make  them  refleded 1 ; this  is  the 
meaning  of  this  propofition,  the  light  of  the  fun  conffs  of  rays  ftf‘rentb ’re¬ 
frangible:  Newt.  Opt.p.  21 :  and  of  thefe  propofttions  the  funs  light  confifts  of 
rays  differing  in  reflexibility  ;  and  thofe  rays  are  more  reflex, ble  than  others  which 
are  more  refrangible:  thefe  and  many  other  curious  particulars  relating  o  the 
nature  of  light,  I  lliall  not  dwell  upon  here,  as  not  pertinent  to  my  Subject, 
it  is  fufficient  juft  to  mention  fome  of  the  moil  remarkable  ones. 

2Jo  Light  is  not  refraded  or  refleded  by  impinging  upon  the  folid parts  of 
the  refradting  or  refleding  medium,  but  by  a  power  uniformly  diffufed  through 
the  medium,  which  ads  upon  the  particles  of  light,  without  immediate  cont. 
in  a  diredion  perpendicular  to  the  furface  of  the  medium.  Newt.  Opt.p.  237. 

220  Light  in  palling  clofe  by  the  fides  of  bodies  is  bent  out  of  the  way,  in 
fuch  a  manner,  that  parallel  rays  paffing  on  each  fide  any  body,  converge;  and 
palling  between  two  bodies,  diverge:  thus,  fig.  124,  let  be  reprefent  an  hair 
h  viewed  endways,  parallel  rays  of  light  a»  and  de  paffing  by  the  fides  of  the 
hair  will  not  go  on  in  ftrait  lines,  but  will  be  bent,  and  made  to  go  on  in  the 
converging  lines  b  c  and  ef  :  again,  fig.  125,  let  b  e  be  an  ho  a;  in  a  plate  of  bra  s 
parallel  rays  paffing  through  the  hole  will  not  go  on  in  ftrait  lines,  but  wi 
be  bent,  and  made  to  go  on  in  the  diverging  lines  bc  and  e  f.  Newt.  Opt.p. 

^21  Ravs  oflight  of  different  degrees  of  refrangibility,  refleded  from  opake 
bodies  to  our  eyes,  excite  in  us  fenfations  of  different  colours:  when  thofe  rays 
which  are  leaft  refrangible  are  refleded  by  any  body,  alone,  or  in  much  the 
createft  quantity,  the  reft  being  totally  or  in  a  great  meafure  abforbed,  that  body 
“ears  red;  when  the  moft  refrangible  rays  are  refleded  alone,  or  in  the  great- 
eft  quantity,  the  other  rays  being  abforbed,  the  refleding  body  appears  of  a 
violet  colour;  we  fay  then,  that  the  red-making  rays  are  leaft  refrangible  and 
the  violet-making  rays  are  moft  refrangible,  and  the  rays  which  produce  inter¬ 
mediate  colours,  orange,  yellow,  green,  blew,  are  of  intermediate  degrees  of 
refrangibility:  probably  the  particles  which  conftitute  the  red-making  1  ays  are 
the  lar°  eft  and  thofe  which  conftitute  the  violet-making  ones  the  fmalleft,  and 
the  intermediate  ones  are  of  intermediate  magnitudes,  whereby  different  vi¬ 
brations  are  excited  in  the  retina,  which  give  us  fenfations  of  different  co¬ 
lours:  Newt.  Opt .  ^>.  3 1 9,  and  320.  _  ,  ,  , 

222  The  feveral  colours  juft  now  mentioned  are  called  primary,  and  the  rays 
which  produce  a  primary  colour  are  called  homogeneal  or  fimilar:  all  other  co¬ 
lours  arife  out  of  different  mixtures  of  the  primary  colours:  whitenefs  is  a 
pixture  of  all  colours;  and  light  the  mixture  of  all  the  feveral  forts  of  rays 
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which  are  capable  producing  the  different  primary  colours.  Newt.  p.  217.  fig 

223  Every  point  of  a  viiible  objed  lends  from  itfelf,  as  from  a  center,  rays 

of  light  in  ffrait  lines,  every  way  through  an  hemifphere:  thus,  fig,  126,  the  126 
rays  of  light  are  diffufed  everyway  from  the  point  a  in  ffrait  lines  ab,  ac 
ad,  &c  through  the  hemifphere  ebcdf;  this  is  evident  from  hence,  that 
wherever  a  fpedator  is  placed  within  this  hemifphere,  fo  that  a  ffrait  line  can 
be  drawn  from  A  to  his  eye,  the  point  A  will  be  vifible  to  him 3  it  is  for  this  • 
reafon  the  fame  objed  may  be  vifible  to  an  hundred  people  at  the  fame  time: 
we  are  here  to  underftand  by  a  point  of  an  objed,  not  a  mathematical  but  a 
fhyfical pointy  that  is,  the  leaft  imaginable  part  of  an  objed,  or  the  leaff  part 
that  can  refled  light  enough  to  make  itfelf  vifible:  the  light  is  in  like  manner 
diffufed  from  all  other  points  of  the  objed  as  l  and  m.  See  fig.  128.  12S 

224  An  objed  is  laid  to  be  diffantfrom  a  lens,  when  the  furface  of  the  lens 
which  is  towards  the  objed  is  fmall,  compared  with  the  diftance  of  the  objed: 
an  objed  is  diffant  from  the  eye,  when  the  aperture  of  the  pupil  is  fmall.  com¬ 
pared  with  the  diftance  of  the  objed:  as  fuppofe  the  diameter  of  the  pupil  is  but 
about  an  hundred  and  fiftieth  part  of  the  diftance  of  the  objed. 

225  All  the  rays  which  can  be  drawn  from  any  one  point  b,  fig.  127,  of  an  127 
an  objed  ab  c,  diffant  from  a  lens  f  h,  to  that  furface  of  it  fgh  which  is 
towards  the  objed,  may  be  looked  upon  as  phyfically  parallel:  thus,  the  rays 

bf  and  bh  are  fo  near  being  parallel,  that  they  will  be  refraded  in  the  fame 
manner  as  if  they  were  exadly  parallel:  from  hence,  and  from  §  216,  it  fol¬ 
lows,  that, 

226  The  rays  which  come  from  the  fame  point  of  an  objed,  and  fall  upon 
the  furface  of  a  lens  turned  diredly  towards  the  objed,  unite  in  a  point  be¬ 
yond  the  lens:  thus,  fig.  127,  let  the  objed  be  ab c,  the  lens  fghi  the  rays  127 
which  come  from  the  point  b,  and  fall  upon  the  furface  of  the  lens  fgh,  will 

be  fo  refraded  at  their  paffage  out  of  air  into  glafs,  and  out  of  glafs  into  air, 
that  they  will  be  made  to  converge  foas  to  meet  fomewhere  at  a  point,  as  at  e. 

227  The  whole  parcel  of  rays  which  thus  coming  from  any  point  b  fall  127 
upon  the  furface  of  the  lens,  and  pafling  through  it  are  united  in  a  point  e,  are 
called  a  pencil  of  rays:  a  pencil  of  rays  is  a  double  cone  of  rays,  the  common 
bafe  whereof  is  the  fedion  of  the  lens  f  h  :  the  vertex  of  one  cone  is  b  the  ra¬ 
diating  point  of  the  objed,  the  vertex  of  the  other  cone  is  e  the  tip  of  the 
pencil :  the  axis  of  a  pencil  rays  is  a  line  b  e  drawn  from  one  vertex  to  the  other: 
the  axis  may  be  confidered  as  a  ffrait  line.  Molyneux  dioptr.  p.  8. 

228  The  rays  of  light  coming  from  different  points  of  the  fame  objed  crofs 
each  other  in  the  manner  reprefented  fig.  128,  this  they  do  in  innumerable  ,28 
places,  without  hindring  one  anothers  progrefs,  by  reafon  of  the  inconceivable 

fmallnefs 
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g.  finallnefs  of  the  particles  of  light:  this  may  be  looked  upon  as  one  of  thofe 

93  many  wonders  which  we  meet  with,  in  our  fearches  after  natural  knowledge. 

229  An  objed  is  feen  when  the  rays  of  light  coming  from  all  parts  of  it 
enter  the  pupil  of  the  eye,  and  paint  its  pidure  upon  the  retina  a,  which  is  a 
thin  membrane  at  the  bottom  of  the  eye:  the  following  experiments  are  proofs 
of  this,  exper.  1,  take  out  the  eye  of  an  ox  or  fheep  new  killed,  and  ftrip  off 
carefully  the  Ikin  and  fat  from  the  back  part  of  it,  till  only  a  thin  film  is  left 

y !  there;  upon  this  film  the  pidure  of  any  objed  placed  before  the  pupil  ot  the 
eye  will  be  painted  in  little. 

230  Exper.  2.  Having  made  a  room  dark,  make  a  fmall  hole  in  the  door 
or  window-fhutter,  hold  a  white  paper  over  againft  the  hole  at  a  proper  di- 
ftance  from  it,  within  the  room,  and  there  will  be  painted  upon  the  paper  the 
pidure  of  thofe  objeds  without  doors  which  are  within  view  of  the  hole:  this 
experiment  fucceeds  belt  when  the  fun  Ihines  upon  that  fide  of  the  objeds 
which  is  towards  the  hole:  the  pidure  will  be  more  ftrong  and  lively  if  a 
lens  be  placed  in  the  hole:  the  proper  difiance  for  the  paper  is  found  by  tryal, 
by  moving  it  nearer  the  hole  or  further  from  it,  till  the  pidure  is  in  its  greateff 

perfedion. 

23  1  In  both  thefe  experiments,  the  pidure  of  the  objed  is  inverted,  as  it  is 
alfo  in  the  eye  of  a  living  perfon;  this  leads  us  to  this  enquiry,  how  does  an 
inverted  image  make  us  fee  the  objed  ered?  to  which  it  may  be  anfwered,  that 
in  vifion,  as  in  the  perceptions  by  our  other  fenfes,  there  is  no  likenefs  between 
the  impreflion  made  by  the  fenfible  objed  upon  the  bodily  organ  and  the  fen- 
fation  thereby  excited  in  the  foul;  there  is  only  a  connedion  between  thefe  two, 
fo  that  fuch  an  imprefiion  fhall  always  excite  fuch  a  fenfation;  in  the  cafe  be¬ 
fore  us,  fuch  an  imprefiion  upon  the  retina  as  is  always  ufed  to  be  made  by 
an  ered  objed  will  always  make  us  perceive  the  objed  ered ;  this  imprefiion 
is  always  made,  when  the  rays  of  light  coming  from  that  part  of  the  objed 
which  is  neareft  the  earth  fall  upon  that  part  of  the  retina  which  is  furthefi 
from  the  earth,  and  the  rays  of  light  coming  from  that  part  of  the  objed  which 
is  furthefi  from  the  earth,  fall  upon  that  part  of  the  retina  which  is  neareft 
to  the  earth,  v.  Molyneux  dioptr.  p.  105.  Smith's  Optic,  p.  38  and  49. 

232  Let  ghl  fig.  129,  be  a  lens  placed  in  a  hole  of  a  fh utter  to  a  dark 
}  room,  and  turned  diredly  towards  an  objed  abc;  from  each  point  of  the  objed 
will  come  a  pencil  of  rays:  thus,  from  the  point  B  comes  tne  pencil  lg  el, 
expreftby  black  lines,  terminating  in  e;  and  from  the  point  c  comes  the  pen¬ 
cil  cgdl,  expreft  by  dotted  lines,  terminating  in  d  ;  from  the  point  A  comes 
the  pencil  agfl,  expreft  by  dallied  lines,  terminating  in  f.  A  plane  def 
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paffing  through  the  tips  of  the  pencils,  is  called  the  diJiinB  bafe-,  becaufe  a  fig 
paper  held  there  will  have  painted  upon  it  the  diftinft  pifture  of  the  objea ; 
il  the  paper  be  held  nearer  the  lens,  or  further  from  it,  the  picture  will  be  con- 
fufed.  a 

233  In  the  fame  manner  vifwn  is  performed;  fig.  130,  let  p  r  s  t  be  the  globe  J3o 
of  the  eye  with  its  coats  and  humours,  whereof  we  confider  chiefly  the  chry- 
llalline  humour,  which  forms  a  lens  ghlm;  by  this  lens,  the  rays  coming  from 
the  feveral  points  of  the  objedl  through  the  pupil  of  the  eye  n  o,  are  fo  refradl- 
ed,  that  the  pencils  terminate  upon  the  retina  def,  and  make  there  a  diftindl 
pidlure  of  the  objedl.  Molyneux  dioptr.  p.  103. 

2 34  The  pencils  of  rays  have  here  been  confidered,  only  to  {hew  how  an 
object  comes  to  appear  diftindl  orconfufed:  in  fpeaking  of  the  apparent  mag¬ 
nitude  of  objedls,  we  confider  only  the  axis  of  each  pencil,  and  of  thofe  pencfls 
in  particular  which  come  from  the  extreme  points  of  the  objedl:  we  may  fay 
then,  that  the  magnitude  of  the  pidlureupon  the  retina  is  determined  by  {trait 
lines  drawn  from  the  extreme  points  of  the  objedt,  through  the  pupil  to  the 
retina:  thus,  fig.  130,  the  length  of  the  pidture  df  is  determined  by  the  lines  130 
AF  and  cd.  See  §  227. 

23  5  ^he  apparent  magnitude  of  a  ftrait  line  ab,  fig.  13  1,  is  the  angle  form-  13 1 
ed  by  two  ftrait  lines  drawn  from  the  extreme  points  of  it  a  and  b,  and  meet¬ 
ing  at  a  point  in  the  eye  at  c:  the  optic  or  vifual  angle ,  under  which  the  line 
ab  is  feen,  is  the  angle  acb.  Racquet,  optic .  /.  1.  definit.  4. 

236  Suppofe  an  objedl  were  a  circular  plane  ab  cd,  viewed  diredlly,  fig.  332 
132,  imagin  ftrait  lines  to  be  drawn  from  every  point  of  it  through  the  pu¬ 
pil,  thefe  will  crofs  and  form  two  fimilar  cones,  one  of  which,  dce  has  its 
bafe  upon  the  retina;  the  other,  which  is  called  the  optic  or  vifual  cone,  has  the 
objea  for  its  bafe;  the  common  vertex  £  of  thefe  two  cones  is  near  the  center 
of  the  chryftalline;  the  vifual  cone  is  formed  by  ftrait  lines  drawn  from  every 
point  of  the  objea  to  a  point  in  the  eye.  It  is  obvious,  that  if  inftead  of  a 
citcle,  the  objedl  were  a  triangle,  fquare,  or  polygon,  the  lines  drawn  from  it 
would  have  formed  a  vifual  pyramid  inftead  of  a  cone;  but  a  circle  is  the 
more  Ample  figure,  and  therefore  more  proper  for  our  prefent  confideration. 

_  237  apparent  magnitude  oj  a  circle  is  the  apparent  magnitude  of  its 
diameter:  thus,  fig.  132,  the  apparent  magnitude  of  the  circle  abcd  is  the  132 
angle  aec;  and  we  fay  its  apparent  diameter  is  fo  many  feconds,  minutes,  or 
degrees,  as  that  angle  contains:  to  this  angle  the  angle  f  e  g  is  equal.  §.  44. 

a  If  a  lens  be  held  direftly  to  the  fun,  the  place  of  the  diftind  bafe  is  called  the  focus ,  or  burning  point 
of  the  lens;  becaufe  there  the  pencils  of  rays  from  every  point  of  the  funs  body  terminate,  paint  his  image  molt 
itiongiy,  and  excite  a  violent  heat,  fo  as  to  inflame  combuflible  bodies. 

O  238  If 
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g.  238  If  an  opake  globe  be  at  a  moderate  diftance  from  the  eye,  the  picture 
of  it  upon  the  retina  is  a  circle,  properly  diverfified  with  light  and  (hade,  io 
as  to  excite  in  the  mind  the  fenfation  of  a  globe:  if  a  globe  be  at  a  great  di- 
ftance  from  the  eye,  the  difference  between  thofe  lights  and  fhades  which  form 
the  pidture  of  a  globe  will  not  be  perceptible,  and  then  the  globe  will  appear 
like  a  circular  plane:  thus,  the  moon  viewed  with  the  naked  eye,  and  the  planets 
viewed  through  a  telefcope  appear  like  circular  planes.  A  luminous  globe, 
though  at  a  moderate  diftance  from  the  eye,  appears  like  a  luminous  plane, 
the  eye  cannot  diftinguifh  a  globe  of  iron  heated  lo  hot  that  it  is  almoft  ready 
to  run,  from  a  flat  circular  piece,  at  the  diftance  of  a  few  yards ;  much  lefs 
can  the  eye  diftinguifh  a  luminous  globe  from  a  plane,  when  the  diftance  of 
it  is  very  great,  as  is  that  of  the  fun  from  us:  fuch  a  globe  appeals  luminous, 
becaufe  the  rays  emitted  from  it  are  of  all  lorts  mixed  together  §  222;  and  it  ap¬ 
pears  a  flat  circular  plane,  becaufe  the  rays  of  light  come  from  all  parts  of  it, 
as  to  fenfe,  with  equal  fullnefs  and  ftrength,  without  any  fhades,  or  difference 
of  colour:  for  this  reafon,  the  fun,  though  really  a  globe,  appears  to  us  a  cir¬ 
cular  plane,  whether  we  receive  his  pidture  upon  a  piece  of  white  paper  in  a 

dark  room,  or  look  at  him  through  a  fmoaked  glafs. 

239  When  we  confider  the  fun,  moon,  or  planets  in  this  view,  we  call 
them  the  dijks  of  the  fun,  moon,  or  planets;  the  apparent  diameters  of  which  I 
fhall  fhew  how  to  meafure,  in  a  proper  place:  the  apparent  diameter  of  the 
difk  of  the  fun  differs  not  fenfibly  from  the  apparent  diameter  of  the  globe  of 
the  fun:  §  149:  the  fame  may  be  faid  of  the  difk  of  the  moon,  or  any  of  the 
planets. 

*240  The  nearer  a  globe  is  to  the  eye,  the  lefs  fegment  of  it  is  vifible;  the 
*33  further  off  it  is,  the  greater  is  the  vifible  fegment:  thus,  fig.  1 3 3 >  ^  §l°^e 

be  cgdh,  let  the  eye  be  at  a,  from  a  draw  tangents  to  the  globe  which  will 
touch  it  at  g  and  h  ;  if  thefe  lines  be  imagined  to  be  carried  round,  ftill  touch¬ 
ing  the  globe,  the  point  a  being  immoveable,  they  will  then  include  the  fegment 
of  the  globe,  g  c  h,  which  is  vifible  at  a:  if  the  eye  be  further  off  as  at  b,  from  B 
draw  tangents  b  l  and  b  m,  thefe  carried  round,  as  before,  will  include  a  larger 
fegment  of  the  globe,  viz.  l  cm,  which  is  vifible  at  b. 

•  24 1  If  a  globe  is  at  a  very  great  diftance  from  the  eye,  fo  as  to  appear  under 
a  very  fmall  angle,  which  is  the  cafe  of  the  fun,  moon,  ftars,  and  planets,  the 
vifible  fegment  of  the  globe  will  not  be  fenfibly  lefs  than  half  the  globe:  and 
j34  then  fig.  1 34,  the  line  g  h  which  fubtends  the  vifual  angle,  differs  not  fenfibly 
from  df  the  diameter  of  the  globe.  ‘ Tacquet .  Optic.  1.  1 . prop.  37  <3  Jtqq. 

•242  The  nearer  a  globe  is  to  the  eye,  the  greater  is  its  apparent  diameter; 

that  is  under  the  greater  angle  will  it  appear;  the  further  oft  a  globe  is,  the 
1  lefs 
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lefs  is  its  apparent  diameter;  that  is,  the  lefs  is  the  optic  angle  under  which  fig 
the  diameter  is  viewed:  thus,  fig.  135,  fuppofe  the  eye  is  at  B,  the  moon  at  p  »3S 
is  feen  under  the  angle  cbd;  let  the  moon  be  further  from  the  eye,  as  at  a, 
the  moon  will  then  be  feen  under  the  angle  ebf,  lefs  than  c  b  d:  the  converfe 
of  this  is  true,  viz.  the  larger  the  apparent  diameter  of  the  fame  globe  is,  the 
nearer  is  that  globe  to  the  eye :  from  hence  we  know,  the  fun,  moon,  and  planets 
are  fometimes  nearer  to  us  than  they  are  at  other  times ;  becaufe  their  apparent 
diameters  are  fometimes  larger  than  at  other  times,  if  they  be  meafured  with 
inftruments  proper  for  that  purpofe. 

•243  Two  globes  of  different  magnitude  may  appear  under  equal  angles,  if 
their  diflances  are  in  a  diredt  proportion  to  their  diameters:  for  this  reafon, 
if  the  fun  be  as  much  further  from  us  than  the  moon,  as  the  funs  diameter  is 
greater  than  the  moons,  their  apparent  diameters  will  be  equal:  thus, fig.  136.  *36 
let  a  b  cd  be  the  fun,  efgi  the  moon,  let  the  eye  be  at  h,  they  will  both  appear 
under  the  fame  angle  lhm:  if  the  larger  globe  is  further  off  than  according 
to  this  proportion,  the  lefs  globe  will  be  feen  under  the  greatefl  angle:  thus, 
fig-  13 7>  let  abc d  be  the  fun,  efgi  the  moon,  let  the  eye  be  at  h;  the  fun  i37 
will  then  be  feen  under  the  angle  n  h  o,  lefs  than  the  angle  l  h  m,  under  which 
the  moon  is  feen. 

•244  The  apparent  diameters  of  the  fun  and  moon  are  always  nearly  equal: 
the  distance  of  each  of  them  is  fo  varied,  that  fometimes  their  apparent  dia¬ 
meters  are  exadtly  equal,  as  in  fig.  136:  fometimes  the  apparent  diameter  of  136 
the  fun  is  a  very  little  lefs  than  the  apparent  diameter  of  the  moon,  as  in  fig. 

137*  fometimes  the  apparent  diameter  of  the  moon  is  a  very  little  lefs  137 
than  the  apparent  diameter  of  the  fun,  as  in  fig.  138:  from  hence  it  comes  to  j3s 
pafs,  that  in  a  central  eclipfe  of  the  fun,  the  fun  is  fometimes  juft  covered  by 
the  moon,  fometimes  he  is  a  little  more  than  covered,  and  fometimes  the  moon 
does  not  quite  cover  the  fun,  but  a  ring  of  his  light  appears  round  the  moon. 

*245  If  an  objedt,  whofe  real  magnitude  is  known,  is  feen  alone,  without 
any  intermediate  objects  to  compare  it  with,  we  judge  of  its  diftance  by  its 
apparent  magnitude :  thus,  we  judge  the  diftance  of  a  crow  flying  in  the  air 
to  be  greater,  the  lefs  the  crow  appears:  the  greater  the  apparent  magnitude 
of  an  objedt  is,  the  larger  is  the  pidture  of  it  upon  the  retina;  pictures  of  dif¬ 
ferent  magnitude  excite  different  fenfations  in  us;  it  is  matter  of  experience, 
that  when  fuch  objedts  have  excited  luch  fenfations,  they  have  been  at  fuch  di- 
ftances,  and  therefore  whenever  the  fame  objedts  excite  the  fame  fenfations,  we 
make  the  fame  judgment  of  their  diftance,  as  well  as  of  other  circumftances 
of  them,  which  we  have  often  experienced  to  be  true  ;  juft  as  we  judge  a  piece 
of  iron  to  be  hot,  when  we  fee  it  of  fuch  a  colour,  as  we  have  often  feen  iron 
to  have,  which  we  otherwife  knew  to  be  hot.  G  2  246  A  no- 
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246  Another  way  by  which  we  judge  of  the  diftance  or  a  known  objed,  is 
by  the  diltindnefs  or  confufednefs  of  its  appearance :  we  have  a  thoufand  times 
experienced,  that  we  can  dillinguifh  the  l'everal  parts  of  an  objed  better,  re 
nearer  it  is  to  us,  and  that  at  fuch  a  diftance  it  appears  with  fuch  a  degree  of 
diftinanefs:  colour  is  another  circumftance  that  iuggeftsto  the  mmd  the  idea 
of  diftance:  thus  we  judge  a  mountain  to  be  at  a  great  diftance,  when  it  ap¬ 
pears  of  a  feint  blewifh  colour;  fuch  as  painters  for  that  reafon  ufe,  when  they 

would  reprefent  the  diftant  parts  of  a  landikip.  .  n  .  . 

247  As  for  an  objed  that  is  feen  with  other  objeds,  as  is  ufually  the  cafe, 
the  diftance  of  it  from  our  eye,  beiides  the  circumftances  already  mentioned, 
is  alfo  fuggefted  to  us,  by  the  apparent  magnitude  of  other  adjoining  objeds, 
obliquely  extended  either  beyond  the  objed  in  view,  or  between  it  and  our  eye : 
thus,  we  judge  an  houfe  to  be  further  off,  the  more  ground  we  lee  between  it 
and  the  place  where  we  ftand  to  view  it:  See  Smith's  Optics  l.  l.c.  5.  It  is  mat¬ 
ter  of  experience,  that  in  perfpedive,  lines  that  are  really  parallel  will  appear 
to  converge  towards  a  point,  which  is  of  the  height  of  the  fpedators  eye,  and 
is  called  the  point  of  fight  by  writers  of  perfpedive:  thus,  the  furtheft  parts  of 
a  cieling  feem  to  defcend;  the  furtheft  parts  of  a  level  pavement  appear  to  rile 
higher;  a  walk  of  trees  fet  in  parallel  lines,  viewed  at  one  end,  leems  to  glow 
narrower  as  the  trees  are  more  diftant  from  the  eye:  and  converfely,  fince  the 
fame  ideas  always  accompany  the  fame  impreffions  upon  the  organ,  we  judge 
that  part  of  a  level  pavement  to  be  the  furtheft  oft,  which  appears  highelt; 
and  we  judge  that  part  of  the  cieling  to  be  furtheft  off,  which  appears  lowed ; 
and  when  we  look  along  through  a  walk  of  trees  fet  in  parallel  lines,  we  judge 
that  part  of  the  walk  to  be  furtheft  off  which  appears  narroweft.  Racquet,  opt. 


/.  i  .prop.  24  &  25. 

248  Without  fome  of  thefe  circumftances,  the  eye  does  not  enable  us  to 
iud^e  of  the  diftance  of  an  objed:  the  moft  proper  for  our  prefent  considera¬ 
tion  are  luminous  objeds:  let  a  number  of  lamps  be  placed  irregularly,  at  dif¬ 
ferent  diftances  from  the  eye,  in  a  dark  night;  here  being  no  feniible  difference 
of  colour,  no  intermediate  objeds  to  be  feen,  no  converging  towards  the  point 
of  ft°ht,  the  eye  perceives  no  difference  in  their  diftance,  and  they  will  there- 
forelfeem  all  to  be  equally  diftant  from  the  fpedator;  lor  the  lame  reafon, 
the  fun,  and  moon,  ftars  and  planets,  feem  all  to  be  at  the  fame  diftance 
from  us:  it  is  indeed  very  probable,  that  fome  of  the  ftars  are  many  millions 
of  miles  further  from  us  than  others;  the  diftance  of  the  fun  is  demonstrated 
to  be  much  lefs  than  the  diftance  of any  ftar ;  the  moon  and  fome  of  the  pianets, 
we  know  by  ocular  proof,  are  nearer  to  us  than  the  fun,  becaufe  they  fome- 
times  come  between  the  fun  and  our  eye5  and  hide  his  whole  diik  or  part  ot 
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it  from  our  view :  this  the  moon  does  every  time  the  fun  is  eclipfed:  neverthe-  fig. 
lefs  the  fenfe  perceives  no  difference,  in  the  diRances  of  the  heavenly  bodies; 
to  us  they  appear  to  be  all  equally  diflant,  and  to  be  placed  in  thefurface  of  a 
fphere  whereof  our  eye  is  the  center:  the  heaven  therefore  may  very  well  be 
reprefented  by  the  glafs  fphere,  or  by  the  common  celeflial  globe. 

249  The  concave  furface  in  which  the  flars  appear  to  be  placed,  is  called 
the  fphere  of the fixt  flars :  this  fphere  is  fo  immenfely  large,  that  our  eye  would 
feem  to  be  in  the  center  of  it,  and  we  fhould  find  no  fenfible  difference  in  the 
apparent  places  of  the  flars,  though  we  were  removed  many  millions  of  miles 
from  our  prefent  fituation;  becaule  fuch  a  diflance,  though  great  in  it  felf, 
dwindles  to  nothing,  and  becomes  infenfible,  when  compared  with  the  vaflly 
greater  diflance  of  the  flars  from  us:  this  may  be  illuflrated  by  this  eafy  expe¬ 
riment;  let  any  perfon  look  at  two  or  three  objects  that  are  at  a  pretty  large 
diflance  from  him,  but  appear  near  to  one  another,  a  fmall  removal  of  the  eye 
will  not  alter  the  profpedt  of  thofe  objects:  thus,  fuppole  a  man  flanding  in  a 
certain  place,  looks  at  two  or  three  churches  that  are  three  or  four  miles  di- 
flant  from  him,  but  appear  near  to  one  another,  he  will  fee  them  in  a  certain 
pofition;  let  him  remove  two  or  three  feet  from  his  firfl  Ration,  and  they  will 
flill  appear,  as  to  fenfe,  in  the  fame  fituation  as  before;  becaufe  the  diflance 
of  two  or  three  feet  bears  an  exceedingly  fmall  proportion  to  the  diflance  of 
three  or  four  miles;  in  fo  fmall  a  difference  of  Rations,  the  difference  of  the 
pictures  of  fo  diRant  objects  upon  the  retina,  is  too  fmall  to  be  perceptible. 

The  following  proportions  in  perfpedlive  are  very  ufeful  to  help  the  imagina¬ 
tion^  in  conceiving  the  reprefentations  of  fever  al  appearances  in  the  heavenly  bodies : 
they  are  difinguijhed  by  point s,  that  the  reader  may  if  he  pleafes  pafs  them  over 
for  the  prefent)  and  read  them  hereafter ,  when  they  are  referred  to ,  as  they  will 
be  in  proper  places. 

•250  Perfpedlive  is  the  art  of  deferibing  upon  a  plane  the  reprefentation  of 
any  object,  or  in  other  words  of  drawing  the  picture  of  it:  a  picture  drawn  in 
the  utmoR  perfection,  and  placed  in  a  proper  pofition,  ought  fo  to  appear  to 
the  fpedlator,  as  not  to  be  diRinguifhable  from  the  object  it  reprefents:  in  order 
to  produce  this  effedl,  the  rays  of  light  ought  to  come  from  the  feveral  parts 
of  the  picture  to  the  eye  of  the  fpedlator,  in  the  fame  direction,  and  with  the 
fame  Rrength  of  light,  lhadow,  and  colour,  as  they  would  do  from  the  corref- 
ponding  parts  of  the  object  it  lelf,  lituated  in  the  place  wherein  the  picture  re¬ 
prefents  it  to  be:  thus,  fig.  140,  if  we  fuppofe  a  fpedlator  whofe  eye  is  at  m  to  be 
looking  at  a  picture  of  a  cube  abed ,  and  the  original  cube  abcdef  to  be 
actually  placed  behind  the  pidlure,at  the  fame  diRance  from  his  eye,  and  in  the 
fame  fituation  as  the  picture  reprefents  it  to  him;  the  light  from  any  point  a 

of 
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fig.  of  the  pidture,  ought  to  come  to  the  fpedtators  eye  m  by  the  ray  rfM,  in  the 
*4°  fame  direction,  with  the  fame  colour,  and  ftrength  of  light  and  fiiadow,  as  it 
would  do  from  the  correfponding  point  a  of  the  original  cube,  by  the  ray  am. 

•  25 1  The  plane  upon  which  the  picture  is  drawn  may  be  called  the glafs  t 
becaufe  it  may  be  imagined  tranfparent,  as  glafs  is,  for  the  rays  of  light  com¬ 
ing  from  the  objeCt  to  the  eye  to  pafs  through. 

♦  252  If  we  imagin  lines  drawn  from  every  point  of  an  objedt  to  the  eye, 
through  the  glafs,  they  will  form  a  plane  figure  upon  the  glafs,  fimilar  to  the 
pidture  of  the  objedt  upon  the  bottom  of  the  eye:  the  out  lines  of  the  figure 
thus  formed  upon  the  glafs  are  called  the  projection  of  the  objedt. 

*253  When  the  eye  is  at  a  moderate  difiance  from  an  objedt,  the  projection 
of  it  is  called  fcenographic :  in  this  manner  the  fcenes  of  a  theater  are  defigned, 
'as  are  alfo  pidtures  of  buildings,  gardens,  &c  drawn  in  pcrfpedtive:  I  call  that 
a  moderate  dijtance  where  the  apparent  magnitude  of  the  objedt  bears  a  fen- 
fible  proportion  to  the  diftance  of  it  from  the  eye  of  the  fpedtator. 

•254  When  the  eye  is  at  an  infinite  difiance  from  the  objedt,  the  projection 
of  it  is  call  orthographic:  in  this  cafe,  all  the  lines  which  may  be  imagined 
drawn  from  the  feveral  points  of  the  objedt  to  the  eye,  though  they  really 
converge  and  meet  in  a  point  in  the  eye,  yet  may  be  confidered  as  phyfically 
parallel  j  becaufe  they  have  the  fame  effedt,  are  projedted  in  the  fame  manner 
upon  the  glafs,  and  form  the  fame  pidture  upon  the  retina,  as  if  they  were  re¬ 
ally  parallel:  that  is  commonly  called  an  infinite  dijtance ,  which  is  immenfely 
great,  where  the  apparent  magnitude  of  the  objedt  is  exceedingly  fmall  com¬ 
pared  with  the  difiance  of  it  from  the  eye  of  the  fpedtator ;  where  confequent- 
ly  the  objedt  appears  under  a  very  fmall  angle:  this  is  the  cafe  with  regard  to 
the  fun,  which,  though  really  of  a  great  magnitude,  by  reafon  of  his  vaft  di¬ 
fiance  from  us,  appears  under  a  fmall  angle,  of  no  more  than  about  30  :  for  this 
reafon,  all  the  rays  of  light  which  come  from  the  fun  to  our  earth  may  be 
looked  upon  as  phyfically  parallel ;  and  therefore  if  any  plane  or  folid  figure 
be  held  in  the  fun,  the  fiiadow  of  it,  caft  upon  a  plane  held  perpendicular  to 
the  rays  of  the  fun,  will  be  the  orthographic  projedtion  of  that  figure:  thus, 
the  fiiadow  of  a  circle  held  diredfiy  to  the  fun,  fo  that  his  rays  fall  upon  it 
perpendicular  to  the  plane  cf  it,  will  be  a  true  circle,  if  projefted  upon  a 
plane  perpendicular  to  the  rays  of  the  fun:  thus  alfo,  a  circle  held  obliquely  to 
the  fun,  fo  that  his  rays  fall  inclined  to  the  plane  of  it,  will  be  a  true  ellipfis,  if 
projedted  upon  a  plane  perpendicular  to  the  rays  of  the  fun.  The  orthogra¬ 
phic  projection  is  of  greatefi  ufe  in  aftronomy,  and  therefore  principally  to  be 
confidered:  I  (hall  firfi  explain  as  much  of  that  as  is  neceffary  in  the  twelve 
following  propofitions,  and  then  fay  fomething  of  the  fcenographic  projedtion. 

255  The 
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•-  2  55  The  projedion  of  a  globe  is  a  circle,  fee  §  236  and  238.  fig. 

•256  The  projedion  of  a  circle  viewed  diredly,  fo  that  a  line  drawn  from 
the  eye  to  the  center  of  it  would  be  perpendicular  to  the  plane  of  it,  is  a  circle. 

•  257  The  projedion  of  a  circle  viewed  obliquely,  fo  that  a  line  drawn  from 
the  eye  to  the  center  of  it  would  make  an  acute  angle  with  the  plane  of  the 
circle,  is  an  ellipfis. 

•  258  A  circle  viewed  in  fuch  a  pofition  that  the  plane  of  the  circle  continued 
would  pafs  through  the  eye,  appears  a  ftraitline:  thefe  three  laft  proportions 
may  be  illuftrated  by  the  different  appearances  of  the  circular  rim  of  a  china 
balm :  look  diredly  into  thebafin,  and  the  rim  will  appear  a  circle,  as  fig.  14 1 ;  *4* 
look  obliquely  upon  it,  and  it  will  appear  an  ellipfis,  more  or  lefs  oblong,  as  it 

is  viewed  more  or  lefs  obli quely :  fig.  142  reprefents  the  bafin  viewed  oblique-  H2 
ly;  fig.  143  fhews  the  fame  viewed  more  obliquely  ;  and  fig.  144  reprclents  *43 
the  bafin,  as  it  appears  viewed  with  the  eye  in  the  plane  of  the  circular  rim  of  H4 
it  produced;  in  which  cafe  the  projedion  or  view  of  it  is  a  ftrait  line  ab. 

•  Scholium ,  In  this  experiment,  in  order  to  make  the  projedion  nearly  or¬ 
thographic,  and  the  curve  not  fcnfibly  different  from  a  true  ellipfis,  the  bafin 
muff  be  placed  at  a  good  difiance  from  the  fpedator;  the  diftance  of  about 
100  diameters  of  the  circular  rim  from  his  eye  is  fufficient  for  this  purpofe. 

•259  In  all  projedions  of  a  circle,  except  the  dired  one  deferibed  §  256,  the 
parts  which  are  equal  in  the  original  circle  will  appear  unequal  in  the  proje¬ 
dion  of  it:  thus,  fuppofe  a  circle  is  divided  into  12  equal  parts,  fig.  145,  if  it 
be  viewed  fo  obliquely  that  the  projedion  of  it  is  the  ellipfis  adgly  fig.  146, 
the  points  abcdefghilmn,  equally  diftant  in  the  original  circle,  fig.  145,  145 
will  appear  unequally  difiant  in  the  projedion,  fig.  146;  viz.  in  the  fituation  146 
abcdefghilmn . 

•260  When  a  circle  is  viewed  obliquely,  or  with  the  eye  in  the  plane  of  it 
continued,  one  half  of  it  is  nearer  to  the  eye  than  the  other:  thus,  if  you  look 
obliquely  at  fig.  145,  or  with  your  eye  in  the  plane  of  the  paper  continued, 
the  book  being  held  in  its  proper  fituation  a  little  difiance  from  you,  the  fe- 
micircle  ghilmna  will  be  nearer  to  your  eye  than  the  femicircle  abcdefg: 
the  nearefi  of  thele  I  call  the  convex  femicircle ,  becaufe  it  is  convex  towards 
the  eye:  that  which  is  furtheft  from  the  eye  I  call  the  concave  femicircle ,  be¬ 
caufe  it  is  concave  towards  the  eye. 

•261  If  a  concave  femicircle  divided  into  any  number  of  equal  parts  be 
viewed  obliquely,  or  with  the  eye  in  the  plane  of  it  continued,  the  points  e- 
qually  difiant  in  the  original  femicircle  will  be  fo  projeded,  that  thofe  near- 
eft  the  middle  of  the  projedion  will  appear  the  furtheft  from  one  another: 
thus, if  the  concave  femicircle  abcdefg,  fig.  145,  be  viewed  obliquely,  fo  that  « 45 

the 
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FiC..  the  projection  ofit  is  the  femiellipfis  abcdefg ,  fig.  146,  the  arcs  cda  nd  ,/e 
■46  are  greater  than  be ,  or  ef;  and  the  arcs  Ac  and  e/'are  greater  than  ab,  orjg:  and 
,+5  if  a  concave  femicircle  abcdefg,  fig.  145,  be  viewed  with  *“yemi 
,47  plane  ofit  continued,  lb  as  to  be  projected  into  the  ftrait  line ag  fig.  H/.^n 
and  de  will  be  longer  than  be,  or  e/; and  be  or  r/will  be  longer  than  a  , 

°r,2f2  if  a  convex  femicircle  divided  into  any  number  of  equal  parts  be  viewed 
obliquely,  or  with  the  eye  in  the  plane  of  it  continued,  the  points  equa  y 
diftant  in  the  original  femicircle  will  be  projected  in  luch  a  manner,  that  1 10 
neareft  the  middle  of  the  projeftion  will  appear  to  be  molt  diftant  from  one 

us  another:  thus,  if  the  convex  femicircle  g  h  i  l mn  a,  hg-  >45,  be  v,e^ed 
1+6  obliquely  that  the  projeftion  of  it  is  the  femiellipfis  £  hi  Imna,  fig.  146,  the 
arcsT/  and  Im  are  greater  than  hi  or  mn,  the  arcs  hi  and  mn  are  each  of  them 
greater  than  gh  or  na:  again,  if  the  fame  convex  femicircle  g  h  i  l  m  n  a,  be 
viewed  with  the  eye  in  the  plane  of  it  produced,  fo  that  the  projection  of  it 
>48  Ls  the  ftrait  lin eghilmna,  fig.  148,  the  lines  il  and  Im  are  longer  than  hi  o 
mn  and  the  lines  hi  and  mn  are  each  of  them  longer  than .g h  or  na. 

In  the  orthographic  projection  of  a  circle,  the  projections  of  the  con¬ 
vex  femicircle  and  the  concave  one  are  fimilar,  whether  the  projection  be  an 
,  ellipfis  or  a  ftrait  line:  thus,  fig.  146,  the  femiellipfis  abcdefg  is  fimilar  to  the 
femiellipfis  ghilmna-,  and  the  largeft  arcs  in  one  are  equal  to  the  largeft 
arcs  in  the  other;  as  are  alfothe  final  left  arcs  in  one  to  the  fmalleft  in  the  other, 
and  the  intermediate  arcs  in  one  to  the  correfponding  intermediate  ones  in  the 
other-  that  is  ab  is  equal  to  na,  as  is  alfo  be  to  mn,  and  cd  to  Im  Lc-,  thus 
,  alfo  (he  line  'ag,  fig.  147,  >s  fimilar  to  the  line  ag,  fig.148,  that  is  a  b  in  one 
4»  is  equal  to  ab  in  the  other  of  thefe  lines,  as  is  alfo  Ac  in  one  to  Ac  in  the  o- 

ther.  and  cd  to  cd  &c.  .  .1 

,  ,64  Corollary.  From  hence  it  follows,  that  a  body  moving  in  a  circle  regu¬ 
larly  with  the  fame  velocity  through  all  the  parts  of  the  circle,  will  appear  to 
move  irregularly,  to  a  fpeCfator  who  views  the  circle  obliquely,  or  has  his  eye 
445  in  the  plane  of  the  circle  produced:  thus  fig.  145,  A  bea  body  moving 
uniformly,  equal  arcs  in  equal  times,  in  the  circle  a  b  c  d  e,  &c.  that  1  - 

in"  frpmA  to  B,  in  the  fame  time  that  it  moves  from  B  to  c,  or  tiom  c  to  d 
from  n  to  n,  Gfc.  If  this  circle  be  viewed  fo  obliquely,  that  thp  projedlion  of  it 
*  th**  pi  1; nils  abode  f  &c,  fis.  146,  the  apparent  morion  of  the  body  will  e 
mituaSr  it  wiU  4-r  to  move  from  /to  A,  in  the  fame  time  that  it  moves 
froin  A  to  c  cr  from  d  to  c  &e:  this  apparent  inequality  in  the  motion  is  luch, 
h.t  borh  in  the  concave  and  convex  femicircle,  the  moving  body  appears  to  go 
jTcl^ft  neareft  the  middle:  for  in  the  projection  of  the  concave  femicircle,  cd 
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and  de  arc  greater  than  be  or  ef\  and  be  and  ef  are  greater  than  abor  fg\  and  fig. 
in  the  projection  of  the  convex  femicircle,  il  and  Im  are  greater  than  hi  or  r46 
mn,  and  hi  and  m  n  are  greater  than  gh  or  n a  &c:  again,  let  the  projection  of 
circle  in  which  the  body  moves  uniformly,  be  a  ftrait  line;  equal  divifions  in 
the  concave  femicircle  will  appear  as  in  fig.  147,  therefore  the  moving  body  *47 
will  appear  to  move  from  a  to  b  in  the  fame  time  as  from  b  to  c ,  Gfc,  that  is, 
quickeft  near  the  middle  of  the  line:  and  equal  divifions  in  the  convex  femi¬ 
circle  will  appear  as  in  fig.  148,  therefore  the  moving  body  will  appear  to  14& 
deferibe  the  lin e  gh  in  the  fame  time  as  it  does  the  line  hi  or  il ,  or  Im ,  &c: 
which  apparent  motion  is  alfo  quickeft,  neareft  the  middle  of  the  line. 

•265  The  following  examples  will  lerve  to  illuftrate,  as  well  as  Ihew  the 
ufefulnefs  of  the  propofition  now  before  us,  and  are  therefore  brought  in  this 
place  by  way  of  anticipation;  the  jirfi  example ;  the  orbits  of  the  fatellits  of  Ju¬ 
piter  and  Saturn  are  at  fuch  a  diftance  from  us,  that  the  projection  of  them  is 
orthographic,  when  our  eye  is  elevated  above  any  one  of  their  planes,  the  ele¬ 
vation  is  fo  little,  that  the  projection  of  the  orbit  is  a  very  oblong  ellipfis,  fuch 
as  is  drawn  fig.  146,  fo  that  the  fatellit  appears  to  move  unequally,  going  146 
according  to  the  order  of  the  letters  unequal  arcs  in  equal  times;  viz.  from  a 
to  b  in  the  fame  time  as  from  b  to  r,  or  from  c  to  dt&c9  firft  in  one  femiellipfis 
abedefg. ,  from  the  right  hand  towards  the  left,  and  then  in  the  other  femiel¬ 
lipfis  ghilmna,  from  the  left  hand  towards  the  right:  fometimes  our  eye  is  in 
the  plane  of  a  fatellits  orbit  produced,  fo  that  the  projection  of  it  is  a  ftrait 
line,  in  which  cafe  alfo  the  fatellit  appears  to  move  unequally,  going,  whilft 
in  its  concave  femicircle,  according  to  the  order  of  the  letters,  in  a  ftrait  line 
from  a  to  b,  in  the  lame  time  that  it  does  from  b  to  c ,  or  from  c  to  d,  &ey  fig. 

147;  and  whilft  in  its  convex  femicircle,  going  back  again  with  the  fame  un-  147 
equal  motion,  moving  in  the  fame  time  from^  to /  as  it  does  from/ to  e}  or 
from  e  to  d,  &c,  fig.  148.  ■  0  ■  . 

•266  The fecond  example ;  the  fun  has  a  rotation  round  his  axis,  as  will  be 
be  more  at  large  (hewn  hereafter;  if  we  imagin  a  great  circle,  which  may  be 
called  the  funs  equator ,  to  be  drawn  upon  the  globe  of  the  fun,  equally  diftant 
from  both  his  poles,  with  other  circles  parallel  to  his  equator,  §  176,  fince 
only  half  the  funs  globe  can  be  feen  by  us  at  a  time,  only  half  of  each  of  thefe 
circles,  viz.  the  convex  femicircles,  would  be  vifible  to  us  at  a  time,  and  the 
projection  of  thefe  femicircles  would  appear  differently,  according  as  our  eye 
is  differently  fituated  with  regard  to  the  funs  equator :  thus,  if  the  eye  be  a 
little  elevated  above  the  north  fide  of  the  plane  of  the  funs  equator,  it  will  be 
likewife  elevated  above  the  north  fide  of  the  planes  of  all  the  parallels,  and  the 
projections  of  them  will  be  fuch  femiellipfes  as  are  reprefented  fig.  149:  if  the  149 

H  eve 
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fig.  eye  be  elevated  above  the  iouth  fide  ot  the  plane  of  the  luns  equator,  it  will  be 
in  like  manner  elevated  above  the  louth  fide  ot  the  planes  or  all  the  parallels, 
J50  and  the  projections  of  them  will  be  fuch  femiellipfes  as  are  drawn,  fig.  150:  if 
the  eye  be  in  the  plane  of  the  funs  equator  produced,  it  will  likewife  be  in  the 
planes  produced  of  all  the  parallels,  §  2  54,  and  then  the  projections  of  them  will 
15 1  be  ftrait  lines,  as  fig.  15 1,  now  if  we  imagin  thefe  circles  drawn  upon  the  iuns 
alobe  to  be  divided  into  equal  parts,  by  vifible  points,  thefe  points  will  appear 
unequally  diftant  in  thefe  three  feveral  projections ;  as  they  are  reprefented  in 
fig.  149,  150  and  15 1 :  from  whence  it  follows,  that  a  fpot  upon  the  fpherical 
lurfaceof  the  fun,  being  viiible  only  whilft  that  hemilphere  upon  which  it  is 
placed  is  towards  our  earth,  will,  by  the  really  uniform  rotation  ot  the  fun 
round  his  axis, appear  to  move  unequally  upon  the  funs  difk,  fo  as  to  go  quicker, 
the  nearer  it  is  to  the  middle  of  the  difk,  and  flower  the  nearer  it  is  to  the 
edges;  and  this  will  be  the  cafe,  whether  the  eye  be  elevated  above  the  plane 
of  the  funs  equator,  fo  as  to  make  the  projections  of  that  circle  and  its  parallels 

149  very  oblong  ellipfes,  as  in  fig.  149,  and  150,  or  the  plane  of  the  funs  equatoi 

150  continued,  paffes  through  the  eye,  fo  as  to  make  the  projections  of  that  circle 
j5i  and  its  parallels  ftrait  lines,  as  in  fig.  15 1:  a  view  of  thefe  figures  is  fufficient 

to  fhew  the  inequality  of  the  apparent  motion  of  a  lolar  fpot ;  the  numeral 
figures  fhevfr  the  apparent  place  of  a  fpot  every  day  for  1 3  days,  which  is  a- 
bout  half  the  time  in  which  a  fpot  appears  to  us  to  revolve  round  the  fun; 
H9  thus,  fig.  149,  150,  and  1 5 1,  if  any  day  at  noon  we  obferve  the  apparent  place 
15°  of  a  fpot  at  1,  the  next  day  at  noon  it  will  be  at  2 ;  the  third  day  from  the  firfl 

obfervation  it  will  beat  3  j  the  fourth  day  it  will  be  at  45  &c» 

*267  The  fcenographic  projection  of  the  out-lines  of  a  figure  may  be  made 
by  cafting  the  fhadow  of  it  upon  a  wall  with  a  candle;  thus,  a  circle  of  wire 
held  obliquely  between  a  candle  and  a  wall  will  caff  a  fhadow  of  an  elliptic 
>52  form,  fuch  as  is  reprefented  fig.  152;  where  g  /  a  the  lower  part  of  the  proje¬ 
ction  is  the  half  of  a  wider  ellipfis  than  the  upper  part  a  dg  is  ;  but  the  moft 
accurate  as  well  as  the  eafieft  way  of  taking  the  projections  of  all  kind  of  fi¬ 
gures,  is  by  the  camera  obfcura ,  or  dark  room,  which  is  now  fo  commonly 
known,  that  I  need  add  nothing  to  the  fhort  defcription  already  given  of  it, 
§  230,  but  this,  that  when  a  lens  is  made  ufe  of,  the  projection  will  be  larger, 
the  longer  the  focus  of  the  lens  is;  that  is,  the  flatter  the  lens  is,  or  the  larger 
the  fpheres  are  whereof  the  fides  of  the  lens  are  fegments;  and  that  with  the 
fame  lens  you  may  projeCt  the  objeCt  of  different  magnitudes,  according  as  you 

place  it  at  different  distances  from  the  lens. 

*268  In  the  fcenographic  projection  of  a  circle,  the  projections  of  the  con¬ 
cave  and  convex  femicircles  are  not  fimilar,  whether  the  projection  be  an  el¬ 
liptic 
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liptic  curve  or  a  ftrait  line;  for  though  in  both  thefe  the  parts  which  are  e-  fig. 
qual  in  the  original  circle  appear  larger  in  the  projection,  the  nearer  they  are 
to  the  middle  of  it,  equal  parts  in  the  original  femicircles  will  be  more  une¬ 
qual  in  the  projection  of  the  convex,  than  in  that  of  the  concave  femicircle:  thus, 
if  a  circle  divided  into  12  equal  parts,  fig.  143,  placed  at  a  little  diftance  from  145 
the  eye,  be  viewed  with  the  eye  a  little  elevated  above  the  plane  of  it,  fo  that 
the  projection  of  it  is  the  elliptic  curve,  fig.  152,  the  points  abcde  &c,  e-  152 
qually  diftant  in  the  original  will  be  projected  into  the  points  abcdef&c ,  un¬ 
equally  diftant,  in  fuch  a  manner  that  in  the  lower  and  convex  femiellipfis 
ghilmna ,  there  will  be  a  greater  difference  between  the  fmalleft  and  greateft 
arc,  than  there  is  between,  the  fmalleft;  and  greatelt  arc  in  the  upper  and  con¬ 
cave  femiellipfis  abcdefgy  again,  if  the  fame  circle  placed  at  a  little  diftance 
from  the  eye,  be  viewed  with  the  eye  in  the  plane  of  it  continued,  the  concave 
femicircle  will  be  projected  into  the  ftrait  line  n  h ,  fig.  153,  where  the  points  153 
N,A,B,c,D,  &c  equally  diftant  in  the  original,  are  projected  into  the  points  une¬ 
qually  diftant  ;z, afij^d^eJ^gJo:  but  the  convex  femicircle  will  be  projected  into 
the  ftrait  line  hn  fig.  154,  in  which  the  points  h,i,l,m,n,  equally  diftant  in  the 
original,  are  projected  into  points  ftillmore  unequally  diftant itviz.byiJymji. 

•269  Corollary ;  if  a  body  moving  uniformly  round  in  a  circle,  at  a  moderate 
diftance  from  the  eye,  be  viewed  with  the  eye  a  little  elevated  above  the  plane 
of  the  circle,  it  will  appear  to  move  unequally  throughout  the  whole  circle, 
but  moft  unequally  whilft  it  is  in  its  convex  femicircle:  for  let  fig.  132  be  the  r5z 
projection  of  the  circle  in  which  the  body  moves,  it  will  appear  to  move  in  e- 
qual  times  from  a  to  by  from  b  to  c,  from  c  to  d ,  from  d  to  e ,  from  e  to  f  \  See; 
if  the  fame  body  moving  uniformly  round  in  a  circle,  at  a  moderate  diftance 
from  the  eye,  be  viewed  with  the  eye  in  the  plane  of  the  circle  continued,  it 
will  appear  to  move  unequally  in  ftrait  lines,  but  moft  unequally  whilft  in 
its  convex  femicircle:  thus, fig.  153,  let  the  body  a  move  round  in  the  circle  153 
abcd  &c,  according  to  the  order  of  the  letters,  the  eye  being  in  the  plane  of 
the  circle  continued  at  P;  whilft  it  is  in  its  concave  femicircle,  it  will  ap¬ 
pear  to  move  unequally,  going  in  equal  times  from  a  to  b ,  from  b  to  c,  from 
c  to  J,  from  d  to  ey  &c;  but  whilft  the  body  is  in  its  convex  femicircle,  fig. 

T54,  it  will  appear  to  move  more  unequally,  going  the  contrary  way  to  the  154 

former,  in  equal  times  from  ^  from  b  to  /,  from  i  to  /,  &c; - this  may 

be  illustrated  by  the  following  example,  which  is  alfo  brought  in  here  by  way 
of  anticipation,  and  will  be  better  underftood  hereafter ;  fuppofe  the  diftance  of 
our  eye  horn  the  oroit  of  Merctu*y,and  its  elevation  above  the  plane  of  it  were 
fuch,  that  the  projection  of  this  orbit  feen  from  our  earth  would  be  the  curve 
cibed  &c}  fig.  1 5 1  s  the  figure  fhews  what  the  apparent  motion  of  Mercury  1.1 

H  2  round 
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fig.  round  the  fun  would  be,  feen  from  our  earth,  if  the  earth  were  all  the  while  to 

1 5 2  continue  at  reft  ;  namely,  in  equal  times  the  unequal  arcs  na,  ab,cd,  de>  effg.gb, 
from  the  right  hand  towards  the  left,  whilft  he  is  in  his  concave  femicircle, 
and  more  unequal  arcs  Jji,  il ,  Irn,  mn ,  in  equal  times,  from  the  left  hand  to¬ 
wards  the  right,  whilft  he  is  in  his  convex  femicircle:  in  like  manner,  if  the 

153  orbit  ofMercury  were  reprcfented  by  the  circle  ABCD&V,fig.  153,  and  154, 

154  and  the  eye  were  at  reft  in  the  plane  of  it  continued  at  p,  the  apparent  une¬ 
qual  motion  ofMercury  whilft  in  his  concave  femicircle,  would  be  in  equal 
times  in  the  unequal  ftrait  lines  from  n  to  a ,  from  a  to  b,  from  b  to  c ,  &c, 
fig.  if 2,  from  the  right  hand  towards  the  left;  and  whilft  Mercury  is  in  us 
convex  femicircle,  his  apparent  motion  would  be  in  equal  times  in  more  un- 

'  equal  ftrait  lines  from  b  to  /,  from  i  to  /,  fig.  i54>  m  a  direction  contrary 
to  the  former,  from  the  left  hand  towards  the  right. 

•270  Scholium ,  although  I  have  in  this  and  the  preceding  feftion  ufed  the 
word  femicircle,  it  is  to  be  obferved,  that  when  a  circle  at  a  moderate  diftance 
from  the  eye  is  viewed,  the  convex  part  of  it  is  not  quite  lo  much  as  a  femi¬ 
circle  and  the  concave  part  of  it  is  a  little  more  than  a  femicircle;  for  if  we 
imamn  the  lines  ph  and  pn  to  be  drawn  from  the  eye  at  p  tangents  to  the 
j_3  circle,  fig.  153  and  1 54,  they  will  touch  the  circle  at  h  and  n  ;  fo  that  the  con- 
154  cave  part  of  the  circle  will  be  nabcdefgh,  greater  than  the  convex  part, 
which  is  h^lmn;  and  the  nearer  the  eye  is  to  the  circle,  the  greater  is  the 
difference  between  the  concave  and  convex  part  of  it:  thus,  if  the  circle  egdh 
T--  fie  1  c  c  be  viewed,  the  eye  being  at  b,  the  concave  part  of  it  is  e  h  F,  the  con- 
"  VeX  egf;  if  the  eye  be  nearer  the  circle  as  at  a,  the  concave  part  of  it  is  then 


c h  d,  and  the  convex  part  iscgd.  .  ,  ,  .  . 

.  27 1  In  the  fcenographic  projections  hitherto  explained,  the  eye  is  fuppofed 
to  be  placed  a  greater  diftance  from  the  center  of  the  circle  whofe  projection 
is  to  be  found,  than  the  femidiameter  of  the  circle:  there  is  another  kind  of 
proiedion  of  a  circle  into  a  ftrait  line,  in  which  the  eye  is  fuppofed  to  be  m  the 
plane  of  the  circle,  at  a  diftance  of  a  femidiameter  from  the  center  of  it:  in 
this  proiedion,  which  takes  in  only  the  concave  femicircle,  equal  parts  in  the 
original  femicircle  will  appear  fmaller  in  the  ftrait  line,  the  nearer  they  are  to 
r6  the  middle  of  it:  thus,  fig.  156,  the  eye  being  at  m,  the  equidiftant  points 
■  abcdefgh,  I,  will  be  projeded  into  the  unequally  diftant  points 
’  hr'd'eftb  \  where  the  lines  de  and  ef  are  fhorter  than  cd  or  fgi  the 
'  '  '  linW cdzndfg  are  fliorter  than  be  or gh-,  the  lines  be  and  gb 

are  fhorter  than  Ab  or  hi. 


61 


72  cle  Sc. 


astronomy,  book  r. 


CHAP.  I.  OF  THE  SHAPE  OF  THE  EARTH. 

§  272.  THE  EARTH  is  the  place  from  whence  we  view  the  heavenly 
bodies,  the  appearance  of  thefe  bodies  is  different  to  the  inhabitants  of  diffe¬ 
rent  parts  of  the  earth,  this  is  evident  from  the  experience  of  all  who  have 
travailed  into  far  diftant  countries:  the  fun,  moon,  and  flars  rife  and  fet  in 
Greenland,  in  a  manner  very  different  from  what  they  do  in  the  Eaft  Indies; 
and  in  both  thefe  places  they  appear  differently  from  what  they  do  in  England: 
the  caufe  of  this  difference  is  the  fhape  of  the  earth;  this  therefore  is  one  oi 
the  firfl  things  into  which  an  aftronomer  ought  to  enquire. 

273  Hhe  earth  is fpherical :  by  the  earth  is  meant  the  earth  and  fea;  now  that 
the  earth  and  fea  together  constitute  a  body  of  a  figure  every  way  round,  we 
have  feveral  proofs,  fome  of  which  fhall  be  here  produced,  the  reft  being  re- 
ferved  for  a  more  proper  place.  1.  When  we  are  at  fea  on  board  a  fhip,  we 
may  be  out  of  fight  of  land,  when  the  land  is  near  enough  to  be  vifible,  if  it 

were 
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g.  were  not  hid  from  our  eye  by  the  convexity  of  water;  thus,  fig.  i,  let  A b  CD 

1  reprefent  a  piece  of  the  globe  of  the  earth  ;  let  m  be  the  top  of  a  mountain, 
this  cannot  be  feen  by  a  perfon  on  board  a  fhip  at  b,  becaufe  a  line  drawn 
from  m  to  his  eye  at  e  is  intercepted  by  the  convexity  of  water :  but  let  the 
(hip  come  to  c,  and  then  the  mountain  will  be  vifible,  becaufe  a  line  may  be 
drawn  from  m  to  his  eye  at  f.  2.  The  higher  the  eye  is,  the  fuither  will  the 
view  be  extended:  it  is  very  common  for  failors  from  the  top  of  the  maft  of  a 
fhip  to  difcover  land  or  fhips  at  a  greater  diflance,  than  they  can  do  when 

2  they  ftand  upon  deck:  thus,  fig.  2,  the  top  of  the  tower  d  may  be  feen  from 
b  the  top  of  the  maft,  when  it  cannot  be  feen  from  A,  by  reafon  of  its  being  hid 
by  the  convexity  of  the  water.  3.  When  we  ftand  upon  the  fhore,  the  higheft 
part  of  a  fhip  is  vifible  at  the  greatefl  diftance:  if  a  fhip  is  going  from  us  out  to 
fea,  we  fhall  continue  to  fee  the  maft  after  the  hull  or  body  of  the  fhip  dif- 
appears,  and  the  top  of  the  maft  will  continue  to  be  feen  longeft;  if  a  fhip  is 
coming  towards  us,  the  top  of  the  maft  comes  firft  into  view,  and  we  fee  more 

2  and  more  of  it,  till  at  laft  the  hull  appears:  thus,  fig.  2,  let  the  eye  be  at  c,  when 
a  fhip  is  as  far  off  as  at  F,  only  the  top  of  the  maft  is  vifible,  the  hull  is  hid  be¬ 
hind  the  water,  when  the  fhip  is  nearer,  as  at  e,  the  hull  may  alfo  then  be 

3  feen.  If  the  furface  of  the  fea  were  a  flat,  fig.  3,  a  line  might  be  drawn  from  any 
object  iituate  upon  it,  as  the  fhip  d,  to  the  eye,  whether  placed  high  or  low, 
at  a  or  at  b:  in  this  cafe,  any  object  upon  the  earth,  or  lea,  would  be  vifible 
at  any  diftance  which  was  not  fo  great,  as  to  make  the  appeal  ance  of  it,  too 
faint,  or  the  angle  under  which  it  appears  too  fmall,  to  be  feen  by  us:  an 
objedt  would  be  vifible  at  the  fame  diftance,  whether  the  eye  were  high  or  low: 
not  the  higheft  but  the  largeft  objects  would  be  vifible,  to  the  greateft  di- 
Itance,  fo  that  we  fhould  be  able  to  fee  the  hulk  of  a  fhip  further  off  than  the 
maft :  all  which  is  contrary  to  experience.  4.  The  convexity  of  the  water  may 
be  feen  upon  any  ftill  water,  as  upon  a  river  which  is  extended  in  a  ftrait  line, 
a  mile  or  two  in  length ;  a  little  boat  upon  the  water  may  be  feen  at  a  mile 
diftance,  by  a  man  whofe  eye  is  any  height  above  the  water:  but  if  he  ftoops 
down,  and  lays  his  eye  near  the  water,  he  will  find  the  furface  thereof  ri¬ 
ling  up  in  fuch  a  manner  as  to  cover  the  boat,  and  intercept  his  view  of  it. 
5.  Several  navigators  have  failed  quite  round  the  globe;  not  in  an  exadt  cir¬ 
cle,  for  this  the  winding  of  the  fhores,  the  land  running  out  in  many  places 
into  the  lea,  would  not  admit  of;  but  going  in  and  out,  as  the  fhores  happen 
to  lie,  they  have  held  on  the  fame  courfe,  and  come  home  on  a  different  fide 
from  that  they  firft  fet  out  from:  thus,  Ferdinand  Magellan  fetting  out  on  the 
weft  fide  of  Spain,  continued  failing  weft  ward  till  he  returned  home  on  the 
eaft  fide  of  Spain;  our  Sr  Francis  Drake ,  Capt.  Dampier  and  others  have  done 
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the  like;  the  courfe  they  have  fo me  of  them  run  is  marked  upon  fome  maps 
and  globes:  thefe  proofs  are  fufhcient  to  evince  the  roundnefs  of  the  water  • 

?frt  l  1S  f]i°  round  is  evident>  if  we  confider,  that  the  ocean  is 
didufed  all  over  the  globe,  fo  as  to  divide  the  earth  as  it  were,  into  large 

lllands;  and  that  the  furface  ot  the  earth  is  no  where  very  much  higher  than 
the  fea,  as  is  evident  from  the  courfe  of  rivers,  which  are  at  a  moderate  elli- 
mate  computed  not  to  have  above  one  mile  fall,  in  running  a  thoufand  miles 
and  have  their  (bores  pretty  much  of  the  fame  height a;  as  alfo  from  the  height 
or  mountains,  which  are  none  of  them  found  to  be  above  3  or  4  miles  higher 
than  the  lurface  oi  the  lea:  thefe  experiments  prove  the  earth  and  fea  to  have  a 
convex  lurface  every  where.  6.  All  the  appearances  in  the  heaven,  both  at  land 
and  lea,  are  the  fame,  as  they  would  be,  if  the  earth  were  a  globe,  which  proves 

t0/ibe J°f th  ej  and  in  eclipfes  of  the  moon,  which  are  cauled  by 

t  le  lhadow  of  the  earth  falling  upon  the  moon,  as  will  appear  when  eclipfes  are 
treated  of,  this  lhadow  is  always  circular,  whatever  lituation  the  earth  is  in 
at  that  time:  now  a  body  can  be  no  other  than  a  globe,  which  in  all  fituations 
caffs  a  circular  lhadow:  it  is  true  the  furface  of  the  earth  is  not  an  exabf  geo¬ 
metrical  globe,  becaufe  it  finks  into  valleys  in  fome  places,  and  riles  into  moun¬ 
tains  in  others,  but  thefe  inequalities  upon  its  furface  are  as  inconfiderable 
when  compared  with  the  magnitude  of  the  earth,  as  the  little  afperi ties  upon 
the  rind  of  an  orange  are  to  the  bulk  of  the  orange;  and  accordingly  we  find 
that  mountains  and  vallies  upon  the  furface  of  the  earth,  caufe  no  irregula¬ 
rities  in  its  fliadow,  in  a  lunar  eclipfe,  but  the  circumference  thereof  islwen 
and  regular, as  if  it  were  calf  by  a  body  exadly  globular:  the  &s»diameter  of 
the  earth  is  above  8000  Englilh  miles,  the  highefl  mountain  is  not  4.  miles 
higher  than  the  furface  of  the  fea,  which  is  but  a  2000th  part  of  the  earths 
diameter  :  thus  it  appears  that  the  highefl  mountain  bears  no  greater  propor¬ 
tion  to  the  bulk  of  the  earth,  than  a  grain  of  dull  does  to  a  common  globe,  b 

We  may  imagin  as  many  circles  as  we  pleafe  to  be  defer ibed  upon  the  earth, 
or  upon  the  fphere  of  the  heaven :  we  may  alfo,  when  we  have  imagined  a  circle 
to  be  defcribed  upon  the  earth,  conceive  the  plane  of  that  circle  to  be  exten¬ 
ded  every  way,  till  it  marks  a  circle  concentric  to  itfelf,  upon  the  fphere  of 
the  heaven. 

27#rhe  horizon  is  either  fenfible  or  rational:  the  fenfible  horizon  is  a  circle 
t  ie  plane  whereof  is  fuppoled  to  touch  the  fpherical  furface  of  the  earth  in’ 
tie  place  of  the  fpe&itor  whofe  horizon  it  is,  and  to  be  continued  to ’the 
Heaven :  thus,  if  I  imagin  the  plane  of  the  floor  upon  which  I  (land  to  be  ex¬ 
tended  every  way,  till  it  reaches  the  tfarry  heaven,  this  plane  is  my  fenfible 
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G  horizon:  the  rational  horizon  is  a  circle  whofe  plane  paffes  through  the  center 
of  the  earth,  parallel  to  the  plane  of  the  fenfible  horizon,  and  ts  contmued  to 

the  heaven^  ^  ^  fo  fmall  jn  comparifon  of  the  immenfe  largenefs  of  the 

fphere  of  the  heaven,  that  the  planes  of  the  fenfible  and  rational  horizon  co  - 
cide;  that  is,  the  diftance  between  them,  when  meafured  in  the  f^e  °f  hea- 

.  vell  is  infenlible  not  great  enough  to  be  difeovered  by  any  obfervation .  in  fig.  4, 

4  let' A  B  c  d  reprefent  tie  earth,  thno  the  fphere  of  the  (bury  heaven,  if  an  in¬ 
habitant  of  the  earth  Hands  upon  the  point  A  his  fenfible  horizon  is  Je 

rational  horizon  ho ,  the  diftance  between  the  planes  ofth^  ^°  ^e  (-phe  e 
femidiameter  of  the  earth,  which  is  meafured  in  a  great  circle  tipon  tNe  lphere 
of  the  heaven,  by  the  angle  ff  »  or  by  the  arc  to,  this  arc  in  fo  fmall  a  c  1^ 
as  zhno  wouldamount  to  feveral  degrees,  and  confequently  the  differ euc : 
tween  the  fenfible  and  rational  horizon  would  e  great  enou^,  _ 

difeovered  by  obfervatiombut  this  circle  in  the  figure  is  a .great. deal  toofmaU 
to  reprefent  die  fphere  of  the  heaven,  proportional  to  fuch  an  earth  as  is  hem 
fuppofed  of  the  magnitude  abcd;  let  us  then  reprefent  the  fphere  of  the 
heaven  by  a  larger  circle  zhno,  here  the  fame  femidiameter  £  *e  ««h  AK 
meafured  in  this  larger  circle  amounts  to  fewer  degrees  for  the ^arc  bo  « ^ 
fewer  degrees  than  the  arc  »  and  the  angle  e  f  o  is  lefs  than  r  F  e  butt  hi  an 
ole  alfo  may  amount  to  feveral  degrees  or  minutes,  an  e  arge  e  g 
meafured  by  aftronomical  obfervation:  if  we  imagin  t  e  P  , 

ven  to  be  ftill  larger  in  proportion  to  the  earth,  lo  that  half  of  it  may 
prefented  by  the  femicircle  rq*,  the  diftance  between  the  planes  of  the Ten, 
fible  and  rational  horizon  meafured  by  the  angle  m  lefs  than  the  ang  _  , 

or  by  the  arc  T  *,  lefs  then  the  arc  E  o,  is  now  of  a  fewer  degrees  than  m  _ 

laft  fuppofition.but  ftill  may  be  large  enough  to  beobftrved^th  .nftrum 
from  a  view  of  this  fcheme  it  appears  that  the  larger  the  lphe  e  o h 
is,  in  proportion  to  the  globe  of  the  earth,  the  lefs  fenfib  e  is  the  J“e.b 
Ween  the  fenfible  and  rational  horizon,  as  being  meafured  by  a  ^  angle  we 
mw  noil  further  and  fuppofe  the  fphere  of  the  heaven  larger;  fo  large,  that 
tf/angle  which  ftiould  meafure  the  diftance  of  the  fenfible  from  the  rational 
horizol  does  not  amount  to  a  few  feconds,  or  perhaps  not  fo  much  as  one  fo 
condofa  minute,  and  confequently  is  too  fmall  to  be  nuafored  by  any  aftro- 
nomical  obfervation:  this  is  in  fad  the  cafe,  and  therefore  the  difference _oe 
tween  the  fenfible  and  rational  horizon  is  infenfible;  juft  as  it  won  d  e  1 
garth  were  a  point  of  no  fenfible  magnitude;  and  this  is  meaning ;of  t :  a  ^com¬ 
mon  expreflion,  that  the  earth  is  but  a  point  compared  with  the  fta  y 


*  rTn 


payc  &j>. 


Book  I. 


yJ.AU/rt&j'C' 


ASTRONOMY  BOOK  I.  CHAP.  I.  65 

276  The  plane  of  our  horizon  continued  to  the  heaven  divides  it  into  two  fig. 
hemifpheres, ,  one  vifible  to  us,  the  other  invifible ;  as  being  hid  from  us  by  the 
interpofition  of  the  earth:  thus,  fig.  5,  let  zon  h  reprefent  the  heaven,  abcd  5 
the  earth,  the  horizon  of  an  inhabitant  of  the  earth  at  a,  is  h  o,  his  vifible 
hemifphere  is  hzo,  his  invifible  hemifphere  hno;  let  another  inhabitant  of 

the  earth  be  placed  at  c,  on  a  part  of  the  earth  oppofite  to  a,  his  horizon  is 
ho,  his  vilible  hemifphere  hno,  his  invifible  hemifphere  hzo;  the  vifible 
hemilphei e  is  often  called  alfo  the  upper  hemifphere ;  and  whatever  liars  or  o- 
ther  objects  in  the  heaven  are  within  it,  they  are  faid  to  be  above  the  horizon ; 
as  whatever  is  in  the  invifible  hemifphere  is  laid  to  be  below  the  horizon ,  or  in 
the  lower  hemifphere:  this  way  of  fpeaking  may,  without  due  caution,  lead  us 
into  a  vulgar  error ;  to  avoid  which  we  are  to  remember,  that  no  part  of  the 
heaven  is  abfolutely  in  itfelf  above  or  below,  but  only  relatively,  and  in  refpeCt 
of  us  ;  for  that  which  is  above  with  regard  to  one  part  of  the  "earth,  is  below 
with  regard  to  another :  thus,  if  a  man  is  placed  upon  the  earth  at  a,  the  point  5 
z  in  the  heaven  is  over  his  head,  the  oppofite  point  n  is  under  his  feet;  on  the 

contrary,  if  a  man  be  placed  upon  the  earth  at  c,  the  point  n  is  over  his  head, 
and  the  point  a  under  his  feet. 

277  What  has  now  been  mentioned  may  be  fufficient  to  fatisfy  thofe  who 
think  it  impofhble  theie  fhould  be  any  antipodes ,  ox  inhabitants  of  the  earth 
with  their  feet  oppofite  to  ours ,  and  imagin  that,  if  there  were  any  fuch,  they 
would  fall  downwards,  as  they  call  it,  into  the  flcy  which  is  under  us:  but  to 
take  away  this  prejudice  more  effectually,  we  may  confider  the  earth  as  ^  larer 
round  loadftone ,  whofe  attractive  power  caufes  all  heavy  bodies  upon  the  furface 
of  it  to  tend  towards  its  center,  and  that  the  earth  is  alike  on  all  tides  furround- 
ed  by  the  heaven;  and  then  the  reafon  will  be  eafily  feen  why  the  inhabitants 
of  ah  parts  of  the  earth  Rand  equally  upright  upon  it,  with  their  feet  towards 
f,  the  center  of  it;  namely,  becaufe  towards  that  the  weight  or  tendency  of 
every  mans  body  is  directed,  whether  he  lives  at  a  or  at  b,  at  c  or  d ,  fig.  5 ;  and  5 
therefore  a  man  living  at  a  has  no  more  reafon  to  imagin  that  a  man  who 
lives  at  c  would  fall  towards  n,  than  he  has  to  fear  that  he  himfelf  is  in  dan¬ 
ger  of  falling  towards  z. 

278  The  horizon  is  the  firft  circle  which  offers  itfelf  to  the  conlideration 
of  an  aftronomer,  and  may  be  thus  defined:  the  horizon  is  that  circle  which 
any  one  upon  a  large  plain  obferves,  terminating  his  view  every  way  round 
him,  where  the  heaven  and  earth  feem  to  meet :  this  definition,  though  it  feems 
chiefly  to  regard  the  fenfible  horizon,  is  applicable  to  the  rational  one,  becaufe 
that  is  coincident  with  the  fenfible,  as  has  been  already  fliewn,  §'275;  in 
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fig.  agronomy  and  geography,  whenever  the  horizon  is  mentioned,  the  rational 
horizon  is  ufually  underAood,  when  nothing  is  faid  to  the  contrary. 

•  279  Since  the  horizon  is  a  great  circle  of  the  fphere  of  the  heaven,  divid¬ 
ing  it  into  two  equal  parts,  §276,  it  muA  alfo  divide  into  two  equal  parts  eve- 
*ry  great  circle  of  that  fphere,  which  is  interfered  by  it,  §  177;  and  fince  the 
•horizon,  as  will  appear  hereafter,  divides  every  fuch  great  circle  into  two  e- 

•  cual  parts,  this  is  a  proof  that  the  horizon  is  a  great  circle,  §51. 

'  2  So  By  reafon  of  the  earths  roundnefs,  every  place  upon  the  Jurf ace  of  the 

6  earth  has  a  different  horizon:  this  iseafily  understood  by  hg.  6 ;  ii  a  man  lives 
at  a ,  his  horizon  is  g  c  ;  if  he  lives  at  b,  his  horizon  is  hd;  if  at  c,  it  is  ae; 
Isle  this  difference  of  horizons  in  different  parts  of  the  earth  is  another  proof 
that  the  earth  is  Spherical:  if  the  earth  were  a  flat,  all  the  inhabitants  thereof 
would  have  the  fame  horizon. 

281  The  poles  of  the  horizon ,  »  are  called  the  zenith  and  nadir;  they  are 
called  alfo  the  vertical  points ;  the  zenith  of  any  inhabitant  of  the  earth  is  that 
point  in  the  heaven  which  is  over  his  head:  the  nadir  is  the  oppoflte  point  in 

6  the  heaven,  dire&ly  under  his  feet:  thus,  fig.  6,  if  a  man  lives  attf,  his  zenith 
is  a,  his  nadir  e;  if  he  lives  at  b ,  his  zenith  is  b,  his  nadir  f  ;  &c. 

282  We  may  imagin  as  many  great  circles  as  we  pleafe  to  be  defetibe 
upon  the  fphere  of  the  heaven,  fo  as  to  interfeft  each  other  in  the  two  vertical 
points;  thefe  are  called  vertical  circles  or  verticals ;  they  are  alfo  called  azi- 

7  myths:  in  fig.  7,  let  ab  c  d  reprefent  the  earth,  zonh  the  fphere  of  the  heaven,  if 
an  inhabitant  of  the  earth  lives  at  a,  his  horizon  is  h  o,  his  zenith  z,  his  nadir 
N,the  femiellipfes  terminated  at  z  and  n  are  projections  or  pictures  of  his  ver¬ 
tical  circles,  whereof  only  one  half  of  each  vertical  as  za  h  n,  or  z  b  n,  &c  is 
here  drawn,  to  avoid  confufion  :  verticals  are  fometimes  called  fecondaries  of 
the  horizon ;  and  in  general,  any  great  circles  which  are  imagined  to  be  drawn 
through  the  poles  of  another  great  circle,  are  called  fecondaries  of  that  circle. 

283  The  altitude  of  any  point  of  the  heaven  above  the  horizon ,  or  its  de- 
predion  below  the  horizon ,  is  the  arc  of  a  vertical  intercepted  between  that 
point  and  the  horizon:  thus,  if  it  be  enquired  what  is  the  height  of  the  Aar 

7  a  above  the  horizon  h  o,  fig.  7;  imagin  a  vertical  circle  zonh  to  be  drawn 
through  the  Aar,  the  arc  a  h  contained  between  the  Aar  and  the  horizon  is^o  , 
the  height  of  the  Aar  a  then  is  30°:  the  fame  figure  fliews  the  Aar  s  is  45  be¬ 
low  the  horizon. 

284  The  way  of  meaftiring  the  height  of  any  of  the  heavenly  bodies  will  be 

8  underAood,  by  an  explanation  of  fig.  8;  let  zonh  be  a  circle  of  brafs  di¬ 
vided  into  360°,  fufpended  in  fuch  a  manner,  that  the  plane  of  it  is  perpendi¬ 
cular,  and  the  line  ho  parallel  to  the  horizon;  then  will  ho  always  leprefent 
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the  horizon,  and  whenever  the  circle  is  turned  fo,  that  the  plane  of  it  continued  r 
would  pafs  through  a  ftar  a,  the  graduated  edge  will  reprefent  a  vertical  f 
drawn  through  that  ftar  3  let  there  be  a  ruler  with  lights,  moveable  about  the 
center  of  the  circle,  turn  the  ruler  about,  till  you  can  fee  the  bar  through  the 
fig  its,  and  the  number  of  degrees  intercepted  between  the  edge  of  the  ruler 
and  the  horizontal  line  h  o,  will  Ihew  the  height  of  the  liar  above  the  hori¬ 
zon  :  thus,  in  the  figure  before  us  the  height  of  the  ftar  a  is  4o°a. 

285  The  zenith,  which  is  the  higheft  point  in  the  heaven,  is  but  oo0  a- 
bove  the  horizon ;  we  may  therefore  inftead  of  a  whole  circle,  make  ufe  of  ' 
a  quadrant  having  a  fmall  thread  with  a  plummet  at  the  end  of  it,  to  meafure 
the  altitude  of  any  ftar,  the  fun,  moon,  &c:  a  quadrant  may  be  either  furnilhed 
with  plant  fights ,  which  are  two  thin  pieces  of  brafs  pierced  through  with 
two  very  fmall  holes,  and  placed  fo,  that  a  line  ab  drawn  through  the  centers  of 
the  two  holes  is  parallel  to  the  quadrants  radius  a  b,  fig.  9 ;  or  elfe  a  telefcope  is  9 
fixed  to  the  quadrant,  in  fuch  a  manner,  that  a  line  drawn  from  the  center  of 
the  eye-glafs  to  the  center  of  the  objecft-glafs  is  parallel  to  the  radius;  there  iq 
are  then  ufually  two  fine  hairs  ftretched  over  the  eye-glafs,  fo  as  to  crofs  each 
other  at  the  center  of  it,  by  means  whereof  the  telefcope  is  directed  more  ac¬ 
curately  towards  any  object:  thus,  if  a  ftar  is  to  be  viewed  with  thefe  telefcobic 
fights,  in  order  to  take  its  altitude,  the  quadrant  muft  be  held  fo  that  the  point 
of  interfedhon  of  the  crofs  hairs  may  cover  the  ftar.  The  limb  or  marp-in  of  a 
quadrant  is  divided  into  90°,  every  degree  into  halves  or  quarters,  and  fome- 
nmes,  if  the  inftrument  be  large  enough  to  admit  of  it,  into  minutes:  the  way 
of  ufing  it  will  eafily  be  underftood  by  what  followeth. 

286  If  when  a  ftar  is  viewed  through  the  fights  of  a  quadrant,  the  thread 

.  .  UP0,J  (°)  111  tbe  llinb  of  the  quadrant,  the  ftar  has  then  no  altitude,  but 
is  in  the  horizon,  fig.  9:  if  the  thread  falls  upon  (90),  the  ftar  is  in  the  zenith  9 
fig.  10  if  a  ftar  is  in  any  intermediate  place  between  the  zenith  and  the  hori-  IO 
zon,  when  it  is  viewed  through  the  fights  of  a  quadrant,  the  thread  will  lye 

UDon  rhnr  (Ipotpp  m  i:.~u _ i_*  1  n  «  1  .  -  J 


.  .  o  — »•  cuil,  me  un caa  will  ive 

n 'TTTTiT  th=  limb'vh'C,h  llKwits  altitude:  thus,  fig-  11.  the  alti¬ 


tude  of  the  ftar  a  1S450:  in  ufing  the  quadrant  to  obferve  the  height  of  a  ftar 
care  muft  be  taken  that  the  thread  juft  touches  the  limb  of  the  quadrant,  fo  as 
to  play  freely  without  preffing  upon  it,  and  then  the  plane  of  the  graduated 

ttough^hat  ft™."1611'  WU1  ^  C°inCident  Wkh  the  Pkne  of  a  vertical  drawn 

•  Tah- hei; tbs  funs  a,tltude  is  to  1>e  obferved  by  a  quadrant  with  plain  lights 
it  is  u  cient  y  exact  for  common  ufes  to  let  the  fun  ftiine  through  the  hole 

hi -Tw  1Sf,i’kand  Tn  the  quadrant>  dl!  the  little  round  bright  fpot  made  by 
15  •}S*  talls  Wlth  ns  center  upon  the  middle  of  the  hole  of  the  other  fight- 
a  See  §31  &  32.  I  2  ^  fe  ’ 
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ig.  fee  fig.  12  :  if  telefcopic fights  are  made  ufe  of,  we  may  receive  the  funs  image 

12  through  the  telefcope  upon  a  piece  of  white  paper,  held  fo  that  his  rays  may 
fall  perpendicular  upon  it,  and  form  thereon  a  luminous  circle,  with  the  fha- 

13  dows  of  the  crofs  hairs  interfering  each  other  in  the  center  of  it;  lee  lig.  13. 

238  If  we  would  take  the  altitude  of  the  Jun  more  accurately ,  it  may  be  done 
by  two  obfervers ,  taking  at  the  fame  time,  with  different  inftruments,  one,  the 
height  of  the  upper  edge,  the  other,  the  height  of  the  lower  edge  of  the  funs 

-  difk;  the  middle  height  between  thele  two  is  the  height  of  his  center :  thus, 

14  fig.  14,  let  abc  d  be  the  fun,  if  the  height  of  the  upper  edge  a  be  40°,  the 
height  of  the  lower  c  390  30',  the  difference  between  them  is  30',  take  half 
thereof,  15  from  40°,  the  height  of  the  upper  edge,  or  add  it  to  390  30',  the 
height  of  the  lower  edge,  and  you  have  the  height  of  the  center  g,  3  90  45k 

289  The  fans  altitude  may  alfo  be  taken  accurately  by  one  obferver ,  his  ap¬ 
parent  diameter  being  given,  after  this  manner;  the  height  of  the  upper  edge 
of  the  funs  difk  being  found  by  the  quadrant,  take  from  it  half  his  diameter, 
the  remainder  is  the  height  of  his  center :  or  the  height  of  the  lower  edge  be- 
ing  found,  add  thereto  the  funs  femidiameter,  the  fum  of  both  is  the  altitude 
of  his  center.  Whenever  we  look  at  the  fun,  whether  through  plain  fights  or 
a  telefcope,  it  is  neceffary  to  hold  a  piece  of  glafs  fmoaked  over  a  lamp  or  a 
candle,  before  the  eye,  to  prevent  its  being  injured  by  the  glare  of  his  beams. 

290  Sometimes,  that  an  inftrument  of  a  large  radius  may  not  be  unweildy, 
a  [extant,  or  a  fixth  part  of  a  circle,  and  fometimes,  an  otlant ,  or  eighth  part 
of  a  circle  is  made  ufe  of,  inffead  of  a  quadrant. 

291  We  may  imagin  as  many  circles  as  we  pleafe  to  be  drawn  upon  the 
fphere  of  the  heaven,  parallel  to  the  horizon ;  thefe  are  called  almicantarahs ; 
and  grow  lefs  and  lefs,  as  they  come  nearer  to  either  of  the  poles  of  the  ho- 

7  rizon:  in  fig.  7,  the  horizon  is  reprelented  by  ho,  the  almicantarahs,  by  the 
lines  e  e,  ff,  gg,  &c,  parallel  to  h  o. 

292  If  we  are  to  meafure  the  apparent  difance  between  any  two  points  in  the 
fphere  of  the  heaven,  we  muff  imagin  a  great  circle  to  be  drawn  through  them, 
and  find  how  many  degrees,  minutes,  &c  are  contained  in  that  arc  of  it  which 
is  intercepted  between  thofe  points;  this  great  circle  is  called  a  circle  of  di- 

7  fiance :  thus,  if  I  am  to  meafure  the  diftance  between  two  ffars  x  and  v,fig.  7, 
I  muff  find  how  many  degrees,  minutes,  &c  are  contained  in  the  arc  x  y  a. 

The  apparent  diameter  of  the  funs  difk  is  meafured  by  a  circle  of  diffance 

I4  drawn  through  the  center  of  it:  thus,  fig.  14,  let  ab  cd  be  the  funs  difk,  eacf 
a  piece  of  a  great  circle  drawn  through  the  center  of  it,  the  arc  a  c  contain¬ 
ed  between  two  oppofite  points  in  the  circumference  of  the  difk  is  the  mea¬ 
fure  of  the  funs  diameter;  and  of  fo  many  minutes  of  a  degree  as  that  con- 
a  See  $  32.  tains, 
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rains,  is  the  funs  diameter  faid  to  be:  the  apparent  diameter  of  the  fun  may  fig. 
be  found  by  two  obfervers,  one  of  them  taking  the  height  of  the  upper,  the  o- 
ther,  the  height  of  the  lower  edge  of  his  difk,  at  the  fame  time;  the  diffe¬ 
rence  between  the  heights  of  thefe  two  is  the  funs  diameter:  thus,  if  the  height 
of  the  upper  edge  a  be  obferved  40°,  and  the  height  of  the  lower  edge  c,  390  1  4 
30,  the  difference  between  thefe  two,  viz.  30',  is  the  apparent  diameter  of 
the  fun.  the  feveial  metnods  of  meafuring  the  apparent  diameters  of  the  hea¬ 
venly  bodies,  or  the  diffance  between  any  two  points  in  the  heaven,  will  be 
fhewn  more  at  large  in  the  proper  place,  it  is  fufficient  for  the  prefcnt  to 
know  in  general  what  is  meant  by  meafuring  them. 

293  Sometimes  the  fenfible,  or  rather  vifible  horizon  is  confidered,  only 
with  regard  to  fuch  objedts  as  are  upon  the  earth,  and  may  be  thus  defined  • 
ihe  vifible  horizon  is  a  lefs  circle  upon  the  furface  of  the  earth,  comprehending 
all  objedts  upon  it,  which  are  within  our  view:  the  higher  the  eye  is ,  the  farther 

is  the  vifible  horizon  extended:  thus,  fig.  1 5,  let  u  hr  r  reprefen t  a  part  of  the  j  < 
fphencal  furface  of  the  earth,  if  the  eye  be  at  a,  draw  a  h  and  a  r  tangents  of 
the  globe  of  the  earth,  imagin  one  of  thefe  a h,  the  point  a  continuing  im¬ 
moveable,  to  be  carried  round,  all  the  while  touching  the  furface  of  the  earth 
the  point  h  will  deferibe  the  vifible  horizon,  part  of  which  is  here  {hewn  by 
the  pointed  curve  hor :  if  the  eye  be  placed  higher,  as  at  b,  the  tangents  b  if 
and  b  r  will  reach  farther  off,  and  the  vifible  horizon  will  be  larger,  viz.  hor  : 
what  the  extent  of  the  vifible  horizon  is,  and  how  it  may  be  found,  will  be 
mewn,  after  the  dimenfion  of  the  earth  has  been  treated  of. 

294  The  vifible  horizon  is  mofi  accurately  obferved  upon  the  fea,  and  is 
therefore  fometimes  called  the  horizon  of  the  fea ;  it  may  be  obferved,  by  look¬ 
ing  through  the  fights  of  a  quadrant  at  the  mod  diffant  part  of  the  fea  within 
view;  in  making  this  obfervation,  the  vilual  rays  ad  and  ae,  fig.  16,  will,  by  16 
rea  on  of  the  fpherical  furface  of  the  fea,  always  point  a  little  below  the  true 
fenfible  horizon  ss,  before  deferibed,  in  §  274,  and  con fcquently  below  the 
rational  horizon  h  o,  which  is  parallel  to  it,  and  coincident  with  it  «  27  r- 
how  much  the  depreffion  of  the  horizon  of  the  fea  is  below  the  true  horizon  is 
feen  by  the  quadrant,  which  gives  the  meafure  of  the  angle  dac.  It  is  obvi¬ 
ous,  10m  fig.  15,  that  the  higher  the  eye  is,  the  greater  is  the  depreffion  of  the 
horizon  of  the  fea;  for  the  tangents  be  and  bf  point  lower,  or'  are  more  de- 
preff  below  the  true  horizon  tt,  than  the  tangents  ac  and  ad. 

295  1  he  deprefion  of  the  horizon  of  the  fea  is  variable  \  foas  to  be  fometimes 
a  ntde  greater  than  at  other  times,  though  the  height  of  the  eye  be  the  fame 
m  the  feveral  obfervations^  this  difference  is  but  finall,  amounting  only  to  a 

a  Obfervations  ajlronomiquetfaites  far  CajJjni  en  divers  en  droits  du  Royaumt,  fag.  16. 
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g.  few  feconds,  -and  is  owing  to  the  difference  in  the  air,  which,  at  different  times, 
refradts  the  vifual  rays  more  or  lefs,  according  as  it  is  of  a  greater  or  lei's  den- 

16  fity:  in  fig,  16,  without  refraction,  the  vilual  ray  is  ae,  and  e  is  the  mod  di- 
dant  point  which  could  be  feen;  but  by  refraction,  the  ray  F  g,  coming  from 
the  point  G  may  be  bent  at  f,  fo  as  to  go  on  from  thence  in  the  line  f  a,  and 
then  the  view  is  extended  as  far  as  g,  and  the  deprefiion  of  tne  horizon  of  the 
lea  is  in  the  line  afj  which  points  higher  than  A e,  but  extends  the  view  far¬ 
ther  :  a  view  of  the  figure  is  fudicient  to  fliew  that  if  the  redaction  were  great¬ 
er,  the  view  would  be  extended  dill  farther,  as  to  m;  though  the  depredion 
of  the  horizon  of  the  fea  would  then  be  lefs;  as  is  fhewn  by  the  line  alm; 
from  hence  it.  appears,  that  our  vifible  horizon  is,  by  the  different  refraCtion 
of  the  air,  fometimes  extended  farther  than  at  other  times. 


CHAP.  2,  THAT  THE  EARTH  TURNS  ROUND  ITS  AXIS. 

296  The  fphere  of  the  fixt  dars,  together  with  all  the  heavenly  bodies, 
which  by  reafon  of  their  didance  feem  to  be  placed  therein,  appears  to  re¬ 
volve  round  us  in  the  fpace  of  24  hours;  this  is  a  faCt,  of  the  truth  of  which 
every  body  may  be  convinced,  with  a  very  little  attention;  if  the  lun’s  place  in 
the  heaven  be  obferved  any  day  at  noon,  he  will  appear  to  go  round  in  a  cir¬ 
cle,  and  return  to  the  fame  place  the  next  day  at  noon;  the  fame  is  obferva- 
ble  with  regard  to  the  dars,  though  they  are  not  fo  generally  taken  notice  of; 
obferve  the  place  of  any  dar  at  any  hour  of  the  night,  look  at  it  fome  hours 
-after,  and  you  will  find  it  has  changed  its  place;  continue  to  obferve  it,  and 
you  will  find  that  in  24  hours  it  deferibes  a  circle  in  the  fphere  of  the  hea¬ 
ven,  and  returns  to  its  place  wherein  you  fird  obferved  it  to  be;  this  apparent 
motion  of  the  heavenly  bodies  is  called  the  and  the  diurnal  motion ,  and 
can  be  accounted  for,  but  one  of  thefe  two  ways,  either  they  revolve  round 
in  the  manner  they  appear  to  do,  and  our  earth  dands  dill;  or  they  dand  dill, 
and  our  earth  revolves  round,  the  contrary  way  to  the  apparent  motion  of  the 
heaven;  which  of  thefe  opinions  is  mod  probable,  will  be  confideredin  ano¬ 
ther  place;  it  is  enough  at  prefent  to  drew,  that  the  fenfes  alone  cannot  de¬ 
termine  the  point,  becaufe  every  thing  will  appear  in  the  fame  manner  to  them, 
whether  it  be  the  earth  or  the  heaven  that  moves:  fuppofe  a  man  were  in  a 
boat,  in  the  middle  of  a  large  lake  of  water,  the  banks  whereof  were  in  fome 
places  covered  with  trees,  and  in  other  places  with  buildings ;  if  his  boat  were, 
unknown  to  him,  without  any  noife  or  diock,  turned  evenly  round  one  way, 

a  Either  becaufe  this  motion  of  the  heavenly  bodies  is  molt  obvious,  and  therefore  ftrft  taken  notice  of* 
■cr  becaufe  it  is  fuppefed  to  owe  its  rife  to  the  motion  of  the  primum  mbit*. 
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by  a  diver  underneath  it,  or  by  fprings  and  wheels,  the  trees  and  buildings  F 
would  appear  to  him  to  move  round  his  boat  the  contrary  way;  nor  would 
it  be  poliible.  for  him,  by  his  fenfes  alone,  to  determine  whether  this  appa¬ 
rent  motion  of  the  trees  and  buildings  were  owing  to  the  real  motion  of  them 
or  of  his  boat:  in  like  manner,  if  the  earth,  which  we  confider  as  always  in 
the  center  of  the  fphere  of  the  heaven,  has  a  rotation  round  its  axis,  fuch  a 
motion  will  caule  to  all  the  inhabitants  of  the  earth  an  apparent  revolution 
of  the  fphere  of  the  heaven,  the  contrary  way,  round  the  axis  of  the  eartli 
produced. 

297  The  cur  which  I  have  chofen  for  the  frontifpiece  to  this  work  is  a  pi- 

fture  of  my  glafs  fphere,  on  the  furface  of  which  the  figures  of  the  confte!  lations, 
fome  of  the  principal  liars,  and  fuch  circles  of  the  fphere  as  were  neceffary  are 
engraved  with  a  diamond;  fo  that  this  glafs  reprefents  the  fphere  of  the  hea¬ 
ven;  within,  in  the  middle  of  it,  is  placed  a  little  globe  of  the  earth,  fupported 
by  a  Reel  axis,  the  ends  of  which  go  through  the  fphere  in  the  places  of  the 
celeftial  poles;  a  and  b  are  two  fquare  Heel  arbors ,  upon  either  of  which  a 
little  winch  may  be  put,  to  turn  it  round  with ;  if  the  winch  be  put  upon  the 
arbor  a,  and  turned  round  the  fame  way  the  key  of  a  watch  is  ufually  turn¬ 
ed  in  order  to  wind  it  up,  it  will,  by  means  of  fome  wheel-work  enclofed 
in  the  brafs  box  c  d,  carry  the  little  globe  round  within  the  fphere,  the  fame 
way  we  fuppofe  our  earth  to  revolve;  if  the  winch  be  put  upon  the  arbor  b 
as  it  is  drawn  in  the  cut,  and  turned  round  the  contrary  way  to  the  former 
the  glafs  fphere  will  go  round  the  globe,  the  fame  way  that  the  heaven  appears 
to  us  to  move.  Thus,  by  this  machine,  the  real  motion  of  the  earth  round  its 
axis  within  the  fphere  of  the  heaven,  or  the  apparent  motion  of  the  heaven 
round  the  earth,  may  be  reprefented;  a  view  of  it  is  fufficient  to  take  off  the 
prejudice  of  fenfe,  and  to  fhew  that  the  appearances  of  the  heavenly  bodies 
would  be  the  fame  to  us,  whether  they  moved  round  our  earth,  as  they  appear 
to  do,  and  our  earth  Hands  Hill ;  or  they  Hand  Hill,  and  our  earth  is  carried 
round  the  contrary  way:  I  lhall  explain  the  other  parts  of  this  fphere,  as  oc- 
cafion  offers,  fome  of  the  following  figures  are  reprefentations  of  fo  much  of 
it  as  is  neceffary  for  our  prefent  purpofe:  the  rotation  of  the  earth  having  been 
confdered,  feveral  aftronomical  terms  occur,  ■which  it  is  now  proper  to  explain- 
l  jballfirjl  treat  of  thofe  which  more  immediately  refpeB  the  earth.  *  ‘  ’ 

298  The  axis  of  the  earth  is  an  imaginary  line,'  palling  through  the  center 
of  the  earth,  round  which  its  revolutions  are  made:  the  poles  of  the  earth  are 
the  two  points  in  the  furface  thereof,  which  terminate  the  axis;  one  ofthefe 

p,  fig.  1 7,  is  called  the  norta  pole,  tne  other  s,  the fouth  pole :  the  equator  is  a  m-ea  t  ,  - 
circle  upon  the  earth,  every  part  of  which  is  equally  diflant  from  either  of  the  '  ’ 

poles ; 
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/ "  , 

ig.  poles;  in  fig.  iyJ  e  g  is  the  equator:  by  failors  the  equator  is  frequently  called 

17  the  liney  and  when  they  fail  over  it,  they  are  laid  to  crois  the  line. 

299  "The  meridian  of  any  place  is  a  great  circle  upon  the  earth  drawn 
through  the  place,  and  through  the  poles  of  the  earth:  tne  meridian  of  an\ 
place  cuts  the  horizon  at  right  angles,  and  marks  upon  the  plane  of  itth &  north 
and  fouth  points,  and  divides  the  globe  of  the  earth  into  two  hemijpheres ,  the 

iy  eajiern  and  the  wejlerni  thus,  fig,  17,  let  the  point  /  be  London,  the  meridian 
of  London  is  e p  g  s-,  the  horizon  is  h  o,  the  north  point  of  the  horizon  is  0 ,  the 
fouth  point  of  it  /?;  all  that  part  of  the  globe  which  is  Ihewn  in  the  figure,  is 
the  eaftern  hemifphere,  in  refpedd  of  London,  and  all  parts  of  the  earth  that 
are  in  the  hemifphere  oppofite  to  this,  which  is  not  here  delcnbed,  but  may 
be  imagined,  or  may  be  leen  upon  a  common  globe,  are  in  the  weltein  hemi¬ 
fphere. 

3 00  The  meridian  of  any  place  is  by  the  poles  of  the  earth  divided  into 
two  femicircles  ;  one  of  which  is  drawn  through  the  place  whole  meridian  it 
is,  the  other  pafles  through  the  point  in  the  earth  which  is  oppofite  to  that 
place:  by  the  meridian  of  any  place,  writers  in  geography  and  aftronomy, 
very  often  mean  the  femicircle  which  pafies  through  the  place:  this  therefoie 
may  be  called  the  geographical  meridian :  all  places  lying  under  this  iemicir- 
cle  are  laid  to  have  the  fame  meridian;  the  femicircle  oppofite  to  this  is  then 

j  y  called  the  oppofite  meridian ,  or  the  oppofite  part  of  the  meridian:  thus,  fig.  17, 
plehs  is  the  geographical  meridian  of  London,  and  alfo  of  all  the  parts  of  the 
earth  lying  under  that  femicircle ;  the  oppofite  meridian  to  this  is  pogs. 

301  The  meridian  of  any  given  place  is,  by  the  definition  thereof  in  the  two 
lafl  feftions,  immoveably  fixt  to  that  place,  luppofing  the  place  to  keep  its 
lituation  upon  the  earth,  and  the  poles  of  the  earth  to  keep  their  places  alio; 
the  meridian  therefore  of  any  place  mull  be  carried  round  along  with  it,  by 
the  rotation  of  the  earth. 

302  When  the  geographical  meridian  of  any  place  is  by  the  rotation  of 
the  earth  brought  to  point  at  the  fun,  it  is  noon  or  midday  in  that  place:  thus, 

17  in  fig.  17,  if  we  fuppofe  the  fun  to  be  at  M,  the  geographical  meridian  of 
London  plehs  points  at  the  fun,  fo  that  if  the  plane  of  that  femicircle  were 
extended  to  the  fun  it  would  pafs  through  his  center;  in  luch  a  fituation  of 
the  earth  as  this,  it  is  noon  at  London,  and  at  all  places  which  lye  under  the 
femicircle  plehs. 

303  The  plane  of  the  meridian  of  any  place  may  be  imagined  to  be  extend¬ 
ed  to  the  inhere  of  the  fixt  ftars:  when  by  the  rotation  of  the  earth  the  plane 
of  the  meridian  comes  to  any  point  in  the  heaven,  as  thelun,  moon,  or  a  ftar, 

that  point  appears  to  come  to  the  meridian:  according  to  this  explana¬ 
tion 
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i'Z:  1  alwa7r  beuunderftood-  when  I  ufe  the  common  expreflions,  as  p,0. 

ridian  C  °’  ^  tbe  lun>  a  dar>  GV  comes  to,  or  pafles  through  the  me- 

304  The  rotation  of  the  earth  is  from  weft  to  eaft:  eaft  and  weft  are  relative 
terms;  fo  that  a  place  may  lye  eaft  with  regard  to  one  place,  and  weft  with 
regard  to  another:  thus,  let  fig.  18  reprefent  the  globe  of  the  earth,  with  24  iS 
geographical  meridians  drawn  upon  it,  at  equal  diftances  from  one  another;  let 
P  L^s,  be  the  meridian  of  London,  paffing  through  London  at  t;  let  n  be 
Naples,  PNis  is  then  the  meridian  of  Naples;  let  qbe  Canaria,  p  qA  is  the 
Tr'7an  of  banana:  it  is  evident,  from  a  view  of  the  figure  and  from  §  299, 

from  W£ft  fr°m  th£  meridian  °f  NaP'eS’  al‘d  Caft 

If  we  were  to  go  round  the  earth  upon  the  equator  a  0  eaftward,  we  fliould 

fromTto  !rfS»  .  f  °rder  °f  thr  |etKrS  abc.d  &C  from  *  t0  from  b  to  r, 

ino-  to  the  order  "  f  T  r{5tatIon  '  7  eartb  belnS  eaftward  is  therefore  accord- 

hfZnhbodtsZl  eUe,'S  ab.cief®c>  and  »  the  caufe  that  the  heaven  and 
heavenly  bodies  appear  to  move  the  contrary  way  from  eaft  to  weft. 

thaTriacel  ‘tsZtZfyTT*  “  “y  P'aCe  are  thofe  where  the  horizon  of 
tnat  place  is  intei fefted  by  the  equator:  thus,  fig.  19,  let  x.  be  London  a  r 

t  e  equator,  s  e  n  part  of  the  plane  of  the  horizon  of  London ;  e  is  the  eaft 

point  for  London;  and  the  point  oppofite  to  this  in  the  horizon,  which  can- 

ot  be  feen  in  this  figure,  but  may  eafily  be  imagined,  is  the  weft  point:  in  fig 

2  lixirwT,T  o;,'h' ho™'  &A » ,  J  £  „ 

mhted  rh  r  ftf?),  ’  7  “  the  P>aure  of  the  globe  of  the  earth  is  o- 

mitted,  that  the  horizon  may  be  feen  entire,  with  the  four  cardinal  points  as 

they  are  called,  eaft,  weft,  north,  and  fouth;  which  are  here  marked  wkh  their 

rall'rh  rTlf’  f ’u’u’  *■  &  '0°fer  a"d m°re Seneral  wa?  °f  fpeaking,  wemav 
7  that  half  of  the  horizon,  s  e  n,  in  the  middle  ofwhich  the  eaft  point  U)  is 

the_  eaft  fide  of  the  horizon;  becaufe  the  fun,  moon,  flats  &e,  appear  to  rife  on 

•  S  ‘  e  ■  ln  tbe  fa!ne  w*y  of  fPeak*ng,  we  may  call  the  other  half  of  the  ho- 
nzon,  s  wn,  which  has  the  weft  point  (w)  in  the  middle  of  it,  the  weft fide  of  the 
horizon,  becaufe  below  this  the  heavenly  bodies  appear  to  fetb. 

,  305  Tbe,tlme  Wh'ch  pa<reS  between  the  n°on  of  any  one  day,  in  a  given 
piace  and  the  noon  of  the  day  following,  in  the  fame  place,  is  called  a  natural 
day:  thus  if  when  the  earth  is  in  the  fituation  deferibed,  §  302,  it  is  noon  at  17 
London;  the  time  that  the  earth  takes  up  in  turning  once  round  its  axis,  fo  as 
to  return  into  the  ..me fituation,  and  make  it  noon  again  at  London,  is  ana- 

i  :z  s^Aisasssx  ri:“  - 

^  rural 
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Fic. rural  daya:  the  natural  day  comprehends  the  day  and  night,  and  is  divided 
into  24  hours ,  every  hour  into  60  minutes ,  every  minute  into  60  feconds,  eveiy 
fecond  into  60  thirds ,  &c:  minutes  and  feconds  of  time  are  expreft  by  the  fame 
characters  as  minutes  and  feconds  of  a  degree  are:  9  hours  56  minutes  44 
conds  are  thus  fet  down,  9L  56 . 44  : 

^06  Noon  is  the  beginning  of  the  natural  day,  and  therefore  all  places 
which  lye  under  the  fame  meridian,  and  have  noon  at  the  lame  time,  have 
alfo  every  other  hour  of  the  natural  day  at  the  lame  time,  thus,  when  it  is  one 
in  the  afternoon  at  London,  is  is  alfo  one  in  the  afternoon  at  every  place  under 
the  meridian  of  London ;  when  it  is  two  at  London,  it  is  two  every  where  un¬ 
der  the  fame  meridian ;  when  it  is  three  at  London,  it  is  thiee  theie;  Gc. 


CHAP.  3.  THE  LONGITUDE  OF  PLACES:  THE  FIRST  MERIDIAN. 

307  All  places  under  the  fame  meridian  are  faid  to  have  the  fame  longitude: 
all  places  that  lye  under  different  meridians  are  faid  to  have  different  longitude: 
this  difference  of  longitude  may  be  eaftward  or  weftward:  the  differ ence  of  lon¬ 
gitude  between  any  two  places  is  the  diftance  of  their  meridians,  meafured  in 
degrees,  minutes,  and  leconds,  upon  the  equatoi :  thus,  if  the  meridian  of  any 
place  cuts  the  equator  in  a  point  which  is  diflant  13  eaft  fiom  the  point 
where  the  meridian  of  London  cuts  the  equator,  we  fay  that  place  differs  from 
London  in  longitude  150  eaftward:  if  the  meridian  of  any  place  cuts  the  e- 
quator  in  a  point  which  is  3c0  diflant  weftward  rrom  the  point  where  the 
meridian  of  London  cuts  the  equator,  that  place  differs  from  London  in  lon- 

,  gitude  30°  weftward,  &c:  thus  Naples  marked  with  n,  fig.  18,  differs  in  lon- 
18  gitude  from  London  150  eaftward;  and  Canaria,  marked  with  q,  differs  from 
London  1 50  weftward;  Grand  Cairo  in  Egypt  marked  with  the  letter  c,  dif¬ 
fers  30°  from  London  eaftward. 

308  It  is  ufual  for  geographers  to  pitch  upon  the  meridian  of  fome  remarka¬ 
ble  place  for  the  fir  ft  meridian :  and  to  reckon  the  difference  of  longitude  of  any 
other  place,  by  the  diftance  of  its  meridian  from  the  firft  meridian,  meafured 
upon  the  equator  eaftward.  The  ancient  Greek  geographers  b  placed  the  firft  or 
great  meridian  in  Hera  or  Junonia,  one  of  the  Fortunate  iflands,  as  they  were 
then  called;  this  is  fuppofedto  be  the  illandTeneriff,  one  of  the  Canaries,  and  was 
the  moft  weftern  part  of  the  earth  then  difcovered:  the  Arabian  geographers, 

a  If  we  would  exprefs  it  according  to  the  apparent  motion,  we  may  fay,  the  natural  day  in  London  is  the 
time  which  paffes  between  the  fans  leaving  the  meridian  of  London  and  returning  toitagain. 

b  Ptolem.  GcogrA.  i .  ex  Marino ;  v.  Gregorii  pojlhuma,  p.  266.  a  treatile  aboutthe  ufe  of  t  ie  globes;  Chrijl- 
manni  Comment,  in  Alfragan .  Ajlron.  cap.  u.  prccipue  vero  Ricciol.  Geographic  reformat.  1.  9.  cap.  2, 

ambitious 
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ambitious  of  having  the  beginning  of  the  longitude  taken  from  them,  chofe  to  rlG. 
fix  the  great  mend, an  upon  the  utmoft  Ihore  of  the  weftern  ocean:  fome  later 
geographers  made  it  to  pafs  through  the  ifland  Corvo,  one  of  the  Acores  -  be- 
cauie  on  that  ifland  the  magnetic  needle,  at  that  time,  pointed  direaly  north 
without  any '  variation;  and  it  was  not  then  known  that  the  variation  of  the 
need  e  is  it  felf  fubjed  to  variation,  as  has  fince  been  difcovered:  Bleau  in  his 
mapps  and  globe  replaced  the  firft  meridian  in  Teneriff;  and  to  afcertain  the 
place  of  it  moie  exadiy,  made  it  to  pafs  through  the  middle  of  a  mountain  in 
tat  ifland  famous  for  its  great  height,  and  called,  from  the  fmallnefs  of  its  top, 

e.  P,Cr  a  K  IS  now  S1  own  3  cul'onl  amongft  geographers,  for  every  one  to  make 
the  firil  meridian  pafs  through  the  principal  c£yof  tlm  country  to  which  he 

b  ongs  thus  the  Engliih,  in  their  mapps  and  globes,  make  the  firft  meridian 
to  pafs  through  London ;  the  Dutch  theirs  through  Amfterdam;  the  French 
thens  thiough  r  aris;  and  particularly  through  the  royal  obfervatory  there  I 
lhall  all  along  take  the  meridian  of  London  for  the  firft  meridian,  as  Senel 
has  done  in  his  globes,  the  moft  corred,  I  believe,  that  have  yet  been  published 
3  09  The  longitude  of  any  place  is  the  number  of  degrees,  minutes  and  fe  '  ’ 
conds,  upon  the  equator  which  can  be  reckoned  eaftward  from  the  firft  me' 
r.dian  to  the  meridian  of  that  place:  thus,  fig.  :8,  if  we  take  the  meridian  of  ,  8 
London  rt/S  for  the  firft,  and  draw  meridians  through  every  ,  0f  he  e 
quator  beginning  at  that  point  of  it  through  which°the  meridian  of  Lon' 
don  pafles,  and  go  round  eaftward;  we  fliall  have  the  globe  divided  as  it  in' 
pears  in  the  figure  before  us,  which  is  a  pidure  of  half  of  it,  as  much  as  CT' 
be  feen  at  one  view,  then  I  fay,  all  places  under  the  meridian  plp-s  are  in  the 
fame  longitude  as  London  is;  all  places  under  the  meridian  marked  p  1  -  s  ire 
in  iS  of  longitude;  all  places  under  the  meridian  p3os  are  in  30“  of  W? 
u  ,  al  places  under  toe  meridian  p45s  are  in  450  of  longitudl;  &c  f0  tb  it 
the  numeial  figure  placed  upon  tne  equator  at  the  point  where  each  meridian 
cuts  the  equator  fliews  the  longitude  of  any  place  which  lyes  under  that  me 
ridian:  thus  fig.  18,  n  Naples  is  in  ,5°  of  longitude,  c  Cairo  is  in  30"  of  Ton- 
gitude,  Q^Canana  is  in  345  of  longitude  c,  ■ 

3  10  If  we  imagm  12  great  circles,  one  of  which  is  the  meridian  ofa  °iven 
P  ace  to  tnterfed  each  other  at  the  poles  of  the  earth,  and  divide  the  equator 
into  2+  equal  parts,  thefe  ar ,  the  hour-circles  of  that  place:  thefe  circles  a  e  bv 

a  So  called  from  the  Goihawks  there  :  afor  in  fpanilh  is  a  Golhawk  h  r/'  ■  r  ,  ^ 

c  Theie  places,  Naples,  Cairo,  and  Canaria  which  lad  is  a  fmall  in  n  1  tl  E  ^C°  %mf5es  a  birds  beak, 
dogs  bred  there,  Cmar.am  wcari  „  multitudhe  laam  iugmtis  P £**  ** 

gave  the  name  to  the  red  of  the  Canary  iflands  are  all  of  the™  f  ‘  f  •  1  l"‘  '  6‘  32,  and 

longitude  from  what  is  here  fet  down,  as  appears  by  the  table  of  the  dife™t  » 

however,  to  ma  e  t  .e  e>am  les  t  ie  eafier  men  fe  )  P  mPP;  r  j  U  d  tltude  oi  pJaces;  I  have 
hour  dida-nt  from  one  another  to  past  romnrf  **  -oadsdrawn  upon  the  20  figure  15°  or  onp 
Very  ear  them.  ’  °  P* 8  L  ^  ti.efe  places,  though  fpeaking  exadly  thcyllo  not,  but  onlj 

■  2  th§ 
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KIG.  the  poles  divided  into  24  femicircles ;  an  arc  of  the  equator  contained  between 
anv  two  of  thefe  hour-femicircles  which  are  neareftto  one  another,  is  15  > for  5 
is  a  24»>  part  of  360°;  hy  the  rotation  of  the  earth,  the  plane  of  every  hour-fe- 
micircle  points  at  the  fun,  an  hour  after  the  femicircle  which  is  next  it  towards 
the  eaft  has  pointed  at  the  fun;  and  thus  they  fucceffively  point  at  the  fun 
every  hour,  fo  that  the  planes  of  all  the  24  hour-femicircles  extended,  pafs 
1 S  through  the  fun  in  a  natural  day :  fig  1 8  is  a  pi^ure  of  the  globe  of  the  eai  t  , 
upon  which  the  hour-femicircles  of  London  are  drawn,  as  many  as  can  be  feen 
at  one  view  of  the  earth;  let  P£S  be  the  meridian  of  London,  imagm  the  fun  to 
be  in  the  place  where  your  eye  is  when  you  look  dire&ly  at  the  figure,  the  me¬ 
ridian  of  London  then  points  at  the  fun,  fo  that  it  is  noon  at  London;  imagm 
the  earth  to  revolve  round,  according  to  the  order  of  the  letters,  abcdef ,  and 
you  will  eafily  fee,  that  in  one  hours  time,  the  next  meridian  p/s  will  point  at 
the  fun  and  then  it  will  be  one  in  the  afternoon  at  London;  in  another  hour, 
the  meridian  p  *  s  will  point  at  the  fun,  and  then  it  will  be  two  in  the  after¬ 
noon  at  London;  &c,  fo  that  at  the  end  of  24  hours,  the  earth  will  return  into 
the  fame  fituation,  and  the  meridian  p^s  will  point  at  the  fun  again;  and  make 

it  noon  at  London  for  the  next  day.  , 

1 3  1 1 1  From  a  view  of  the  figure  thus  explained,  we  may  obferve,  that  a  me¬ 

ridian  pits  1  c°  eaft  from  London,  comes  to  point  at  the  fun,  one  hour  fooner 
than  the  meridian  of  London  does;  a  meridian  p  As,  30°  eaft  from  the  meridian 
of  London,  comes  2  hours  to  the  fun,  before  the  meridian  of  London  does,  8V; 
a  meridian  p  *  s,  1 50  weft  from  London,  points  at  the  fun,  one  hour  later  than  the 
meridian  of  London  does:  and  fo  agreeably  to  this  proportion  of  15  for  an 
hour  the  meridian  of  any  place  comes  to  point  at  the  fun,  a  longer  or  fhorter 
time'  fooner  or  later  than  the  meridian  of  London  does,  according  as  that 
meridian  is  more  or  lefs  diftant  from  London,  eaftward  or  weft  ward/  for 
this  reafon  the  difference  of  longitude  between  any  two  places  is  fometimes 
expreft  in  time,  viz.  hours,  minutes,  and  feconds;  inftead  of  degrees,  minutes, 
and  feconds:  thus,  fuppofing  the  meridian  of  London  the  firft  meridian,  the 
longitude  of  any  place  in  time  is  the  number  of  hours ,  minutes  and  f  econds, 
bv  which  the  meridian  of  that  place  comes  to  the  fun,  fooner  or  later  than  t  e 
meridian  of  London  does:  thus,  the  meridian  of  Naples  is  diftant  from  the  me¬ 
ridian  of  London  one  hour,  the  meridian  of  Cairo  two  hours,  eaftward;  the  me¬ 
ridian  of  Canaria  is  diftant  from  the  meridian  of  London  one  hour  weft  war  . 

012  From  the  two  preceding  feftions  it  appears,  that  they  whole  meridian 
*|S  1  '°  eaft  from  London  have  noon,  and  confequently  every  other  hour  o 
the  natural  day,  an  hour  fooner  than  they  have  it  at  London;  they  whofe  me¬ 
ridian  is  1 50  weft  from  London  have  noon  and  every  other  hour  of  the  natu- 
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ral  day  an  hour  later  than  at  London:  theconverfe  of  this  is  true  that  they 
who  have  noon  and  every  hour  of  the  natural  day  an  hour  fooner  than  they 
have  at  London,  have  their  meridian  15°  eaft  from  the  meridian  of  London^ 
as  alfo  that  every  place  which  has  noon  and  every  other  hour  of  the  day  an 
hour  later  than  London,  differs  from  London  in  longitude  ,5°  towards  the 

^™tTon;:tudi!me  f°  that  °ne  h°Ur  diffcr£I1Ce  “  -  S' 

iJ-'el  fcen  «  two^nla  f°llows>  that  ^  ^  inftantaneous  appearance  in  the 
heaven,  leen  at  two  places  which  lye  under  different  meridians,  the  difference 

of  their  longitude  may  be  found,  if  the  hour  of  the  day  be  known  at  each 
place,  thus,  the  beginning  of  a  lunar  eclipfe,  when  the  moon  firft  touches  the 
jhadow  of  the  earth  is  an  inftantaneous  appearance,  as  is  alfo  the  end  of  a 
lunar  eclipfe,  when  the  moon  leaves  the  fhadow  of  the  earth;  thefe  appear¬ 
ances  are  vifible  to  all  the  inhabitants  of  that  half  of  the  globe  of  the^  earth 

dfpft  beefns  ‘I  find‘S-tUrned^WardS  ^  m°°n;  fupP°fe>  that  when  a  lunar 
c  pie  begins,  I  find  it  is  exadly  12  at  night  at  London,  and  an  obferver  from 

Naples  writes  me  word,  that  in  that  place  it  was  one  in  the  mornTng  when 

Naplesds  fc'diftant  fro  ‘  l™7  COnclude-  that  the  nierfdian  of 

-Naples  15  diflant  from  the  meridian  of  London,  eaft  ward  ;  if  another  perfon, 

fends  me  word,  that  he  obierved  the  fame  eclipfe  at  Canaria,  and  tha/there 

fVZlrt ’ 1  may  136  "  Canari>  diff-  ■- 

3  14  I  have  in  the  preceding  examples,  to  make  them  the  more  eafv  fim 
poied  a  whole  hour  difference  in  time,  which  anfwers  to  if;  but  f ne’e  one' 
.mnute  of  ume  anfwers  tor/ of  a  degree,  and  one  fecond  in  time  anfwers  to 
15  of  a  degree,  &c ;  the  difference  in  longitude  between  any  two  places  may 
be  found  m  minutes  or  feconds  of  a  degree :  thus,  if  at  the  beginning  of  aH! 
bpfe  of  the  moon  ,t  is  r2  at  night  at  London,  and  at  the  Le  moment,  it 

ftantinopie  L  ’  ConftantinoP>  then  the  meridian  of  Con¬ 

stantinople  is  28 . 58 . 45  .  eaft  from  the  meridian  of  London. 

*?'S  There  is  alfo  another  confequence  which  follows  from  §312  proper 
to  be  mentioned  in  this  place,  which  is  this  -  if , 7  j,  ’  1  roPei 

™ar^> he  reckon  one  day  more  to  have  palled  during  the  time  c 

;» ■ « •'*  p'*«  f»">  -i.««  hS!L“k< 

warder  in  the  week  than  they  are,  at  his  return  thither;  fo  that  he  will  count 
their  monday  to  be  tuefday;  their  tuefday  to  be  wednefday :  &c.  On  the  other 
hand ,  ,f  a  man  goes  round  the  earth  wejlward,  he  will  at  his  return  count  one 
day  Ids  to  have  paffed,  than  they  do  who  have  continued  all  the  while  at  the 
p  ace  fiom  whence  he  began  his  voiage;  and  be  one  day  in  the  week  later  than 

they : 


BOOK  I. 


78  ASTRONOMY 

fig.  they;  fo  that  it  will  be  tuefday  with  him,  when  it  is  wednefday  with  them;  and 
monday  with  him,  when  it  is  tuefday  with  them;  &c.  the  reafon  of  this  will 
1 8  eafily  be  feen,  if  we  conlider  the  i81^  figure  as  a  pidtuie  of  the  globe  of  the 
earth,  in  the  following  manner;  fuppofe  a  man  begins  his  tour  from  l  Lon¬ 
don  eallward,  on  a  tuefday,  when  he  is  got  to  the  meridian  of  Naples  pbs,  150 
from  the  meridian  of  London,  it  will  be  noon  with  him  one  hour  iooner  than 
with  thofe  who  live  at  London ;  when  he  is  got  to  the  meridian  of  Caii  o,  p  /  s, 
3o°  eaft  from  the  meridian  of  London,  he  will  have  noon  two  hours  fooner 
than  they  at  London;  and  fo  on  in  this  proportion,  every  meridian  he  arrives 
at  1 50  further  eaft  from  London,  it  will  be  noon,  that  is,  the  beginning  of  the 
natural  day  with  him,  one  hour  more, fooner  than  at  London:  fo  that  when  he 
has  gone  quite  round,  and  is  returned  to  London  again,  he  will  have  gone  360° 
eaft  from  the  meridian  of  London,  and  it  will  be  noon  with  him,  24  houis, 
or  a  whole  day,  fooner  than  to  thofe  who  ftaid  at  London:  that  is,  it  will  be 
tuefday  noon  with  him,  when  it  is  but  monday  noon  with  them,  &c.  On  the 
other  hand,  if  a  man  lets  out  from  London  weflward,  when  he  comes  to  the 
meridian  of  Canaria  p/s,  1  50  well  from  the  meridian  of  London,  his  noon  will 
be  an  hour  later  than  at  London;  when  he  comes  to  a  meridian  p ^s  30°  weft 
from  the  meridian  of  London,  it  will  be  noon  with  him  two  hours  later  than 
atLondon;  fo  that  when  he  is  got  quite  round  to  the  meridian  of  London  again, 
he  will  have  gone  through  the  24  meridians  defcribed  §  310,  and  therefore 
his  noon  will  be  24  hours,  or  a  whole  natural  day,  later  than  at  London;  fo 
that  it  will  be  monday  noon  in  his  account,  when  they  who  ftaid  all  the 
while  at  London  reckon  it  tuefday  noon,  &c:  in  this  affair,  it  is  not  neceffary 
that  a  man  fhould  go  round  the  globe  upon  the  equator,  or  any  of  its  parallels; 
it  is  fufficient  if  he  paffes  through  the  feveral  meridians,  as  all  navigators  muff: 
do  who  go  round  the  globe  eaftward  or  weftward.  And  thus  much  may  fuf- 
fice  at  prefent,  to  give  a  general  view  of  the  nature  of  the  longitude  of  places; 
the  more  particular  confideration  of  it  is  referved  to  another  part  of  this  work. 

3  16  The  two  following  tables  are  taken  out  of  one  of  the  almanacks  pub- 
lifhed  yearly  by  the  order  of  the  royal  academy  of  fciences  at  Paris,  under 
the  title  of  conoljjance  des  temps ;  one  ufe  of  thefe  tables  is,  when  the  difference 
of  longitude  of  places  is  exprefl  in  time,  as  hours,  minutes,  feconds,  csV,  to 
reduce  it  to  meafure,  in  parts  of  the  equator,  as  degrees,  minutes,  feconds:  or 
converfely,  when  it  is  expreft  in  meafure,  to  reduce  it  to  time. 

a  Conoljjance  des  temps  pour  Pannee  an  meridien  de  Paris,,  publiee  par  I'ordre  de  P Academic  Rotate 

des  Sciences.  &  calculee  par  M-  Lieutaud  de  la  memo  Academic. 
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the  first  table 


By  which  the  longitude  expreft  in  hours,  minutes,  and  feconds,  &c,  may  be 

reduced  to  degrees,  minutes,  and  feconds,  &c. 
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THE  SECOND  TABLE 

By  which  the  longitude  expreft  in  degrees,  minutes,  and  feconds,  may 
be  reduced  to  hours,  minutes,  and  feconds. 


p^-e  Si. 
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3*7  ^be  Jinjl  table  explained  ;  the  fir  ft  column  contains  whole  hours,  from 
1  to  24  y  the  lecond  column  has  the  number  of  degrees  which  anfwer  to  each 
number  of  hours,  tnus,  to  4  houis  tne  correfponding  number  of  degrees  is  60 ; 
to  9  hours  1 3 50  are  equivalent:  in  the  third  column  are  minutes,  or  feconds’ 
or  thirds  of  an  hour,  from  1  to  30;  and  in  the  fourth  column  are  the  corre- 
fponding  degrees,  minutes,  feconds,  or  thirds  of  a  degree:  here  it  is  to  be  ob- 
ferved,  that  if  a  number  in  the  third  column  be  underhood  to  fignify  minutes 
of  an  hour,  the  numbers  on  the  fame  line  in  the  fourth  column  fignify  degrees,, 
and  minutes;  if  a  number  in  the  third  column  fignifies  fo  many  feconds  of  time," 
the  correfponding  numbers  in  the  fourth  line  fignify  minutes,  and  feconds  of 
a  degree 3  if  the  number  in  the  third  column  fignifies  thirds  of  time,  the  num¬ 
bers  of  the  fourth  column  which  anfwer  to  it  are  fo  many  feconds,  and  thirds, 
Oi  a  degiee.  the  fifth  column  is  a  continuation  of  the  third,  from  3  1  to  603; 
and  the  fixth  column  is  a  continuation  of  the  fourth. 

Example ;  the  difference  in  longitude  between  the  meridian  of  the  Royal  Ob- 
fervatory  at  Paris  and  that  of  Pekin  in  China  is  jh  37  m  6s;  if  it  be  enquir¬ 
ed  what  this  difference  is  in  parts  of  the  equator,  the  anfwer  is  1 140  16'  30*3 
which  is  thus  found  by  the  table;  to  yh  in  the  firft  column,  105°  anfwer  in 
the  fecond;  to  3ym  in  the  fifth  column,  the  correfponding  numbers  in  the  fixth 
aie  9  15  ;  if  6  feconds  be  found  in  the  third  column,  the  equivalent  parts  of 
the  equator  in  the  fourth  column  are  1  30^,  add  thefe  together, 

1 05°  o'  o' 

9  15  Q 

_ l _ 22 

the  fum  is  1 14  16  30=. 

318  The  fecond  table  explained ;  the  firff  column  contains  degrees,  minutes, 
and  feconds  of  the  equator,  from  1  to  30 ;  the  numbers  in  the  fecond  column 
exprefs  the  time  correfponding  to  each  number  in  the  firff  column,  in  hours 
minutes,  feconds,,  and  thirds:  here  it  muff  be  obferved,.  that  if  the  number  in 
the  firff  coiumii  be  undeiffood  to  mean  fo  many  degrees,  the  numbers  in  the 
fecond  column  on  the  fame  line  are  hours,  and  minutes;  if  the  number  in  the 
firff  column  be  minutes  of  a  degree,  the  numbers  in  the  fecond  are  minutes 
of  an  hour,  and  feconds.;  if  the  number  in  the  firff  column  expreffes  feconds  in 
meafure,  the  correfponding  numbers  in  the  fecond  column  are  feconds,  and  thirds 
in  time:  thus,  i°  is  equivalent  to  oK  41*;  one  minute  of  a  degree  to  4"  in  time; 
one  fecond  in  meafure  to  four  thirds  in  time:  thus  alfo,  1 5°  anfwer  to  ih;  15' 
of  a  degree  anfwer  to  15"  of  an  hour;  15"  in  meafure  to  15  thirds  in  time: 
the  third  and  fifth  columns  are  continuations  of  the  firff  3  and  the  fourth  and 
fixth  are  continuations  of  the  fecond. 

L 
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c.  Example j  the  meridian  of  Siam  is  diftantpS0  30  eaft,  frornthe  meridian  of 
theR.Obfervatory  at  Paris:  if  it  be  enquired  how  much  this  difference  is  in  time, 
the  anfwer  will  be  6h  34™;  for  to  90°  in  the  fifth  column,  6 h  anfwer  in  the 
fixth;  to  8°  in  the  firft  column,  oh.  32™  are  fet  down  as  equivalent,  in  the 
fecond  column;  and  to  30  in  the  firff  column,  2™  correfpond  in  the  fecond: 
add  together  and  32111  and  2m,  the  fum  is  6k  34m» 


CHAP.  4.  THE  GENERAL  GROUNDS  OF  DIALLING. 

.  3  19  If  we  imagin  the  hour-circles  of  any  place,  as  London,  to  be  drawn 

upon  the  globe  of  the  earth,  and  fuppofe  this  globe  to  be  tranlparent,  and  to 
revolve  round  a  real  axis,  which  is  opake,  and  cafts  a  fhadow;  whenever  the 
plane  of  any  hour-femicircle  points  at  the  fun,  the  fhadow  of  the  axis  will  fall 
21  upon  the  oppofite  femicircle:  thus,  fig.  21,  if  the  femicircle  pas  points  at  the 
fun,  the  fhadow  of  the  axisy>j  will  fall  upon  the  femicircle  pos. 

•  320  If  we  imagin  any  plane  to  pafs  through  the  centei  of  this  tianfparent 
crlobe,  the  fhadow  of  half  the  axis  will  always  fall  upon  one  fide  or  other  of 

2 1  this  interfering  plane:  thus,  fig.  21,  let  a  b  c  d  be  the  plane  of  the  horizon 
of  London  ;fo  long  as  the  fun  is  above  the  horizon,  the  fhadow  of  the  upper 
half  of  the  axis  pg  will  fall  fomewhere  upon  the  upper  fide  of  the  plane  abcd: 
when  the  fun  is  below  the  horizon  of  London,  then  the  fhadow  of  the  lower 
half  of  the  axis  g  s  falls  upon  the  lower  fide  of  the  plane  abcd. 

•  321  When  the  plane  of  any  hour-femicircle  points  at  the  fun,  the  fhadow 
of  the  axis  marks  the  refpeftive  hour-line  upon  the  interfering  plane;  the 
hour-line  therefore  is  a  line  drawn  from  the  centei  of  the  interfering  plane  to 
the  point  where  the  interfering  plane  is  cut  by  the  femicircle  oppofite  to  the 

2!  hour-femicircle:  thus,  fig.  21,  let  abcd  the  horizon  of  London  be  the  inter¬ 
fering  plane;  when  the  meridian  of  London  pas  points  at  the  fun,  as  in  the 
fip  ure  before  us,  the  fhadow  of  the  half  axis  falls  upon  the  line  <gB,  which 

is  drawn  from  g  the  center  of  the  horizon,  to  b,  the  point  where  the  hoii- 
zon  is  cut  by  the  oppofite  femicircle  pbs:  therefore  g  b  is  the  line  for  the 

hour  of  12  at  noon.  111 

,  322  By  the  fame  method  the  reff  of  the  hour-lines  are  found,  by  drawing 

for  every  hour  a  line  from  the  center  of  the  interfering  plane,  to  that  femi- 

circle  which  is  oppofite  to  the  hour-femicircle:  the  2  1  figuie  fhews  tne  hour- 

lines  drawn  upon  the  plane  of  the  horizon  of  London,  fo  many  as  aie  necefi* * 

fary,  which  are  only  for  thofe  hours  during  which  the  fun  is  above  the  I101  i- 

zon  of  London,  the  longefi:  day  in  fummer:  the  hour-lines  being  thus  found 

bv  the  interfering  points  of  the  hour-femicircles,  let  the  femicircles  be  taken 

away, 

j 
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away,  as  the  fcaffolding  is  when  the  houfe  is  built,  and  what  remains,  as  in  fig. 
fig.  22,  will  be  an  horizontal  dial  for  London.  22 

3 2 3  Jfi  instead  of  12  hour-circles  as  above  defcribed  we  take  twice  that 
number,  we  may,  by  the  points  where  the  interfering  plane  is  cut  by  them, 
find  the  lines  for  every  half  hour;  it  we  take  four  times  the  number  of  hour- 
circles,  we  may  find  the  lines  for  every  quarter  of  an  hour,  csfr. 

324  I  have  here  taken  the  horizon  for  the  interfering  plane,  by  which  the 
method  is  feen  of  making  an  horizontal  dial;  if  we  take  any  other  plane  for 
the  interfering  plane,  and  find  the  points  where  the  hour-femicircles  pafs 
through  it,  and  diaw  lines  from  the  center  of  the  plane  to  thofe  points,  we  fhall 
have  the  hour-lines  for  that  plane:  the  23d  figure  fhews  how  the  hour-lines  are  23 
found  upon  a  fouth  plane  perpendicular  to  the  horizon;  and  the  24^  figure  24 
fhews  a  fouth  dial  with  its  hour-lines,  without  the  femicircles  by  means  where¬ 
of  they  are  found.  The  gnomon  of  every  fundi  al  reprejents  the  axis  of  the  earth ,  and 

is  therefore  always  placed  parallel  to  it,  whether  it  be  a  wire,  as  in  the  figures 
before  us,  or  the  edge  of  a  plate,  as  in  the  common  brafs  horizontal  dials. 

325  If  a  little  tranfparent  globe  with  hour-femicircles  and  an  axis  be  fo 
placed  upon  the  furface  of  the  earth,  that  the  axis  is  parallel  to  the  axis  of 
the  earth,  all  things  mentioned  in  the  preceding  fe&ions  will  be  the  fame  in 
this  globe  as  in  the  globe  of  the  earth  itfelf,  fuppofed  tranfparent;  or  as  they 
would  be  in  this  little  globe  placed  in  the  center  of  the  earth:  becaufe,  by  $ 

274,  the  earth  may  be  conlidered  as  a  point,  and  confequently  in  every  fuch 
little  globe,  the  plane  abed  being  parallel  to  the  plane  A  b  c  d,  fig.  2 c,  may  ~ 
be  looked  upon  as  coincident  with  it,  and  the  axis  p  s  being  in  every  fuch 
globe  parallel  to  ps,  may  be  confidered  as  coincident  with  it :  for  this  reafon 

a  dial  placed  upon  the  furface  of  the  earth  fhews  the  hour  as  truly  as  if  it 
were  placed  at  the  center  of  the  earth:  in  fig.  25,  let  the  large  dial  in  the  25 
middle  reprefent  a  dial  made  upon  the  plane  of  the  rational  horizon  let  the 
little  dials  round  this  bepiftures  of  dials  made  upon  horizontal  planes  placed 
upon  the  furface  of  the  earth;  the  fun,  by  reafon  of  his  immenfe  difitance, 
mines  in  the  fame  manner  upon  all  thefe,  all  his  rays  which  fall  upon  thefe 
feveral  dials  are  phyfically  parallel,  have  the  fame  effefl:  as  if  they  were  exact¬ 
ly  parallel;  and  therefore,  lince  by  the  rotation  of  the  earth  the  plane  abed 
of  every  one  of  thefe  little  dials  is  carried  parallel  to  the  plane  of  the  horizon 
a  B  c  d,  they  will  drew  the  hours  in  the  fame  manner  as  the  large  dial  does. 

nd  thus  much  is  enough  to  drew  the  general  grounds  and  principles 
of  dialling,  which  confid  in  finding  where  the  fhadow  of  a  ftrait  wire  parallel 
to  the  axis  of  the  earth  will  fall  upon  a  given  plane,  every  hour,  every  half 
dour,  &c:  the  hour-lines  are  found  by  the  hour-femicircles  as  defcribed  above: 

k  2  there 
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fig  there  are  feveral  ways  of  finding  the  interfering  points  of  the  hour-femicir- 
cles  for  all  forts  of  planes,  either  by  calculation,  or  by  mechanical  operations, 
but  ’thefe  are  to  be  learned  from  thole  writers  who  profeffedly  treat  of  dialling. 


CHAP.  5.  THE  LATITUDE  OF  PLACES*. 
THE  COMPLEMENT  OF  LATITUDE,  OR 


THE  ELEVATION  OF  THE  POLE. 
HEIGHT  OF  THE  EQUATOR. 


„26  The  equator  divides  the  globe  of  the  earth  into  two  parts,  the  northern 
and  fouthern :  all  places  upon  the  earth  lying  under  the  equator,  are  faid  to  have 
no  latitude:  all  other  places  upon  the  earth  are  faid  to  be  in  north  01  fouth 
latitude ,  according  as  they  are  fituated  on  the  north  or  fouth  fide  of  the  e- 

quator,  towards  the  north  or  fouth  pole.  . 

927  The  latitude  of  any  place  is  its  diftance  from  the  equator,  meafured  in 

17  decrees,  minutes, and  feconds,  upon  the  meridian  of  that  place:  thus,  fig.  17,  let 
/  be  London,  p  the  north  pole,  eq  the  equator,  pies  is  the  meridian  of  London, 
the  latitude  of  London  is  the  arc  el,  this  arc  is  5 1°  3  1  5  London  is  then  in  5 1 
9  1  of  north  latitude. 

~28  The  complement  of  latitude  in  any  place  is  the  number  of  degrees,  mi¬ 
nutes  and  feconds  which,  added  to  the  latitude,  make  up  90°:  thus,  the  comple- 
merit'  of  the  latitude  of  London  is  39°  29  s  for  39°  *9  added  to  51°  3.'  make 
qo°.  The  complement  of  latitude  Jhews  the  height  of  the  equator,  or  the  angle  the 

17  plane  of  it  makes  with  the  plane  of  the  horizon:  thus,  fig.  17,  let  /  be  Lon¬ 
don  the  latitude  of  London  is  the  arc  el-,  the  complement  of  latitude  is  the 
arc  ! 'eh  which  meafures  the  height  of  the  equator,  or  the  angle  eih  contained 
between  the  planes  of  the  equator  eq  and  the  horizon  of  London  ho. 

-29  The  elevation  of  the  pole  in  any  place  is  the  leafl  difiance  of  that  pole 
from  the  horizon,  meafured  in  degrees,  minutes,  and  feconds,  upon  the  meri- 

, 7  dlana  of  the  place:  thus,  fig.  17,  let  l  be  London,  p  the  north  pole,  ho  the  ho¬ 
rizon  of  London ;  the  elevation  of  the  north  pole  above  the  horizon  of  London 

is  the  arc  p  o.  _  r  ,  .  ,  .  ,  c  , 

'->'>0  ‘T’he  elevation  of  the  pole  in  any  place  is  equal  to  the  latitude  or  that 

37  place:  thus, fig.  17, the  wcelph  90°,  by  §  298,  and  the  arc  Ipo  is  9o°,  by  §274; 

' 7  take  from  each  of  thefe  the  arc  l p,  and  the  remaining  arcs  / e  and  p  0  will  be 


equal,  by  §  3 5,  axiom.  3.  ,  .  ,  f  . 

1  Here  follows  a  table  oj  the  longitudes  and  latitudes  of  fome  remaikable 

places;  the  fecond  column  {hews  the  difference  of  their  meridians  from  the  me¬ 
ridian  of  London,  in  hours,  minutes,  and  feconds;  (e)  {hews  the  place  to  lye 
eaft,  and  (w,)  weft  from  London:  the  laft  column  contains  the  latitude  or 
elevation  of  the  pole:  all  the  places  here  let  down,  except  the  Cape  of  good 
bore  are  in  north  latitude.  .  ,  .  ,  . 

*  }  a  The  meridian  is  here  taken  far  the  whole  circle,  as  defined  §  299. 
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Tables  of  the  longitude  and  latitude  of  places  are  to  be  found  in  many 
books  of  geography ;  Ricciolus  has  a  very  large  one,  in  his  geographia  reform  a - 
ta\  1.  9.  c.  4.  Soucict  has  another,  at  the  end  of  his  obfervations  matbematiques , 
ajlronomiques ,  See,  tirees  des  anciens  livres  Chinois ,  on  faites  nouvellement  aux 
hides  et  a  la  Chine ,  les  peres  de  la  C.  de  f .  Lieut  and  gives  us  one  of  four 
pages,  in  the  conoifj'ance  des  temps :  him  I  have  chiefly  followed  in  the  forego¬ 
ing  ipecimen ;  in  which  thofe  longitudes  or  latitudes  that  are  marked  with  a 
ffar,  are  fuch  as  have  been  verified  by  the  aftronomical  obfervations  of  fome 
of  the  members  of  the  Royal  Academy  of  fciences  at  Paris)  thole  marked  with 
a  crofs,  are  from  the  obfervations  of  other  aftronomers. 

332  A  table  of  the  longitude  of  places  for  one  meridian  being  given,  we  may 
make  a  table  for  any  other  meridian,  if  the  difference  between  thofe  meridians  be 
alfo  given:  thus,  in  Lieut aud's  table,  the  longitudes  are  from  the  R.  Obferva- 
tory  at  Paris;  thofe  in  my  fpecimen  were  from  thence  computed  for  the  me¬ 
ridian  of  London,  by  the  following  method.  I  find  in  Lieut  aud's  table,  that 
the  meridian  of  London  is  diftant  from  the  meridian  of  the  Royal  Obfervato- 
ry  at  Paris,  oh  9™  41s  in  time,  or  20  25  15"  in  meafure,  weftward:  every 
place  therefore  that  lyeseaft  from  Paris,  is  fomuch  further  eaft  from  London; 
and  muft  have  oh  9™  41s,  or  2°  25  15",  added  to  its  longitude  from  Paris,  if  we 
would  have  its  longitude  from  London:  on  the  other  hand,  every  place  that 
lyes  weft  from  Paris,  is  oh9™  41s,  or  2°  25  1 5",  lefs  diftant  from  London,  weft- 
ward;  and  muft  have  fo  much  taken  from  its  longitude  reckoned  from  the  me¬ 
ridian  of  Paris,  if  we  would  have  its  longitude  from  the  meridian  of  London: 
thus,  the  longitude  of  Rome  from  Paris  is  41™  20s  eaftward;  add  to  this, 
oh  9m  41s,  and  you  have  the  longitude  of  Rome  from  London,  oh  51™  Is: 
thus  again,  Mexico  Is  1060  o'  o"  weft  from  Paris;  take  from  that  number  of 
degrees,  2°  2 5'  1 5",  and  there  remains  103°  34  4 5",  the  longitude  of  Mexico 

weft  from  London.  #  . 

333  Another  ufe  of  the  table  is  this,  if  the  time  of  the  day  be  given  at  one 

place ,  the  time  of  the  day  at  any  other  place, may  be  known,  if  the  different  longi¬ 
tude  of  thofe  places  be  alfo  given:  thus,  fuppofe  it  is  now  2  in  the  afternoon  at 
London,  what  is  it  o’  clock  at  Jerufalem?  I  find  by  the  table,  that  the  meii- 
dian  of  Jerufalem  is  2h  2im  41s  eaft,  fo  long  therefore  it  comes  fooner  to  the 
fun  than  the  meridian  of  London,  and  confequently  fo  much  more  of  the  day 
is  fpent  at  Jerufalem  than  at  London:  add  then  2h  2im  41s  to  the  time  of  the 
day  at  London,  and  you  have  the  time  of  the  day  at  Jerufalem,  4h  2  im  4  Is  in 
the  afternoon. 

Another  example',  fuppofe,  I  find  by  an  almanack,  that  the  beginning  of  an 
cclipfe  of  the  moon  will  be  this  prefent  night,  4  minutes  after  9  at  London ; 
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if  it  be  enquired  what  time  of  the  night  it  will  then  be  at  Lifbon,  the  anfwer  fig, 
is  thus  found;  Lifbon  is  cf1  33m  J9S  wef^  from  London,  therefore  fo  much 
lefs  of  the  natural  day  will  be  then  pad:  there,  than  at  London ;  take  oh  33111  jqs 

from  9h  4m  os,  the  time  at  London,  and  the  remainder  8^  30™  41s  ]s  the  time 
of  the  night  at  Lifbon. 

Another  example-,  when  it  is  noon  at  Ifpahan,  what  o’  clock  is  it  at  London  ? 

I  find  by  the  table,  Ifpahan  is  3 h  3  im  41s  eaft;  fo  much  further  then  is  the  day 
advanced  there  than  at  London:  take  3^  3  im  41s  from  i2h  om  os  there  re¬ 
mains  the  time  of  the  day  at  London,  8^  28m  19s  in  the  morning:  other  ufes 
of  thefe  tables  will  be  fhewn,  as  occafion  offers  itfelf. 

334  The  different  longitude  and  latitude  off  dijfferent  places  upon  the  earth 
is  a  proof  that  the  earth  is  fpherical:  for  that  different  meridians  come  fuccef- 
fively  to  point  at  the  fun,  as  has  been  defcribed  §  3  10,  is  a  proof  that  the  earth 
is  round  from  eaft  to  weft;  and  the  different  elevation  of  the  pole  in  different 
places  under  the  fame  meridian,  fhews  it  to  be  round  from  north  to  fouth. 

335  We  may  imagin  as  many  circles  as  we  pleafe  to  be  drawn  upon  the 
earth,  parallel  to  the  equator;  thefe  grow  lefs  and  lefs  as  they  are  nearer  to 
either  of  the  poles  of  the  earth;  luch  circles  are  called  parallels ,  or  parallels  of 
latitude:  all  places  having  the  fame  latitude  lye  under  the  fame  parallel;  and 
converfely,  all  places  under  the  fame  parallel  have  the  fame  latitude :  in  fig  18  18 
thefe  parallels  are  expreft  by  ftrait  lines,  parallel  to  the  equator  e  a-  among# 
which  rlt  is  the  parallel  of  London;  vex  the  parallel  of  Cairo. 

The  aftronomical  terms  which  arife  jrom  confi dering  the  rotation  of  the  earth 
and  relate  more  immediately  to  the  heaven, ,  are  next  to  be  explained. 


CHAP.  6.  THE  CELESTIAL  POLES,  EQUATOR,  PARALLELS :  CIRCLES 
OF  DECLINATION:  DECLINATION  OF  THE  SUN,  STARS, 

336  The  celeJHal  poles  are  two  points  in  the  fphere  of  the  heaven,  through 
whtch  the  axis  of  the  earth  infinitely  extended  both  ways  would  pafs:  one 
of  thefe  p,  fig.  1 7  through  which  the  north  end  of  the  axis  would  pafs,  is  1 7 
called  the  arBic  pole ,  from  the  greek  word  arSos,  which  fignifies  a  bear  be- 
caufe  this  pole  is  near  the  conftellations  of  the  great  and  little  bear;  the  other 

celefhal  pole  s,  being  oppofite  to  p,  is  called  the  antarSlic pole-,  the  celeflial 
poles  are  often  called  the  north  and  fouth  pole. 

■337  The  elevation  of  the  pole  may  be  confidered  in  the  fphere  of  the  hea. 

JnH’rhednlhen  f  h  lue  arCOfa  Vertical>  contained  between  the  celeiHal  pole 
and  the  plane  of  the  horizon  extended:  thus,  the  height  of  p  the  celeftial  /ole  17 
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fig.  fig.  17,  is  the  arc  p  or  the  height  of  the  pole  is  of  the  fame  number  of 

minutes,  andfeconds,  whether  we  confute  the  terreftnal  or  celeft.al  pole,  for 
s  P  being  a  ftrait  line,  the  angle  p bo  muft  be  equal  to  the  angle pho;  and  the 

arc  p  o  to  the  arc  po\  §  30,  and  31.  ,  ,  4 

1-8  We  may  imagin  the  plane  of  the  equator  upon  the  earth  to  be  extend¬ 
ed  tvery  way,  till  it  reaches  the  Harry  heaven,  and  to  mark  upon  it  the  cele- 
Ll  equator'.  We  may  imagin  as  many  circles  as  we  pleale  to  bedrwnw  the 
fphere of  the  heaven ,  parallel  to  the  celeftial  equator ;  thefe  parallels  grow  left 

26  and  lefs,  the  nearer  they  are  to  the  celeftial  poles;  in  Sj*  ’  ^.^celeftial  e- 
upon  the  earth,  and  Entire  celeftial  equator;  the  parallels  to  the  celeft.al 

^  V  o  wfmay  imagin  as  many  great  circles  as  we  pleafe  to  be  drawn  upon 
the3 fphere  of  the  heaven,  interfering  each  other  in  the  celeft.al  poles;  thete 
wm  cut  the  equator  at  right  angles,  and  are  called  circles  of  declination  ai  1 
26  fometimes,  fecondaries  of  the  equator,  §  282:  in  fig.  26,  feme  of  the  circles  o: 
declination  are  reprefented  by  the  ftrait  line  ps,  and  the  curves  pes,  p«,  p  K 
pcs  &c,  interfering  each  other  in  the  poles  p  and  s. 

Jo  The  declination  of  any  point  in  the  heaven,  as  the  fun,  moon,  a  ftar  &c  1 
its  dtftance  from  the  celeftial  equator,  in  degrees,  minutes,  and  econds,  meafu  - 
ed  upon  a  circle  of  declination  drawn  through  that  point;  declination  is  either 

f  4-1  fcnfth  •  rbm  fiff  26  e  Q.  is  the  celeftial  equator,  p  the  north  pole,  s  tr 

fo  JL  -  *.  -  «««-  « 

in  the  fame  figure,  the  fouth  declination  of  the  ftar  h  is  meafured  by  the  arc  he. 
041  We  may  imagin  any  parallel  upon  the  earth  to  have  a  correfponding 
27  parallel  in  the  fphere  of  the  heaven;  thus,  fig.  27,  abed  Gr  is  the  parallel  of 
London  and  A  b  c  d  e  f  g  h  the  correfponding  parallel  m  the  heaven .  we  may 

degrees,  nftnutes,  and  feconds  dillant  from  the  celeftial  equator,  as  the  para 

upon  the  earth  is  from  the  equator  upon  the  earth.  through 

,,,  If  we  imagin  a  line  to  be  drawn  from  the  center  of  the  eartn  tnrougn 

any  place  till  it  reaches  the  fphere  of  theheaven.it  will  mark  there  the  zemth 

London  at *,  marks  the  zenith  of  London  a:  by  the  rotation  of  the  earth  he 
zenith  of  every  place  which  is  not  exaftly  under  one  of  the  po.es,  |erpetu 
»  By  the  declination  of  the  fun,  moon,  (etc,  is  meant  the  declination  of  their  centers. 
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ally  changes  its  flotation  in  the  heaven,  fo  as  to  go  round,  in  a  celeftial  pa-  fig 
rallel  correfponding  to  the  parallel  of  the  place:  thus,  fig.  27,  a  the  zenith  of  2,  ’ 
London  goes  round  in  the  celeftial  parallel  abcdefgh,  according  to  the  7 
order  of  thofe  letters:  the  caufe  of  this  change  of  place  in  the  zenith  of  Lon- 
don  is  this;  by  the  rotation  of  the  earth,  London  is  carried  round  in  its  pa¬ 
ra  lei  a  bed  &c,  according  to  the  order  of  thofe  letters,  and  by  that  means  comes 
fucceffively  to  be  under  different  parts  of  the  correfponding  parallel  ABCDfifc- 
that  is,  London  has  for  its  zenith,  fucceifively  different  points  of  that  parallel : 

wIle"  tIle  Place  of  London  is  at  a,  the  zenith,  or  point  over  London 
will  be  a;  when  London  is  at  b,  the  zenith  will  be  b;  when  London  is  come 
m  its  parallel  tor,  the  zenith  will  bee,  &c.  By  this  motion  of  the  zenith  of  Lon 
don  round  the  parallel  abcd  Gfc,  from  a  to  b,  from  c  to n,  from D  to E  and 
fo  on,  every  point  in  that  parallel  will  appear  to  come  to  the.zenith  of  L011 
don,  the  contrary  way;  that  is,  the  feveral  points  a,b,c,d,e,  &e,  will  appear 
to  come  fucceffively,  one  after  another,  according  to  the  order  of  thofe  letfers 
to  t  e  zenith  of  London:  firft  the  point  a,  then  B,  after  that  c,  then  d  &c. 

343  By  the  rotation  of  the  earth  from  weft  to  eaft,  every  point  in  the  hea¬ 
ven,  except  the  celeftial  poles,  which  are  immoveable,  appears  to  go  round 
1011a  eaft  to  weft,  either  in  the  celeftial  equator,  or  in  a  circle  parallel  to  the 
ce  eftial  equator:  thus,  fig.  28,  a  point  a,  which  is  in  the  celeftial  equator  ap-  28 
pears  to  go  round  in  it,  according  to  the  order  of  the  letters  abcd  GV;  a  point, 
m  the  heaven  which  is  not  in  the  celeftial  equator,  will  appear  to  be  carried 
round  in  a  parallel  drawn  through  that  point,  fuch  as  is  the  circle  lmnopqrs 
according  to  the  order  of  thofe  letters.  The  further  any  point  in  the  heaven 
is  from  the  celeftial  equator,,  the  lefs  is  the  parallel  deferibed  by  it;  thus  the 
point/,  defcribes  the  parallel  pqrstu,  lefs  than  the  parallel  lmn op qjis  ’  2$ 


CHAP.  7.  THE  PARALLEL,  RIGHT,  AND  OBLIQUE  SPHERE:  THE  ARCTIC 

and  antarctic  circle.  * 

orefenril1  f 1  f°,1!?wing  Lfigures,  the  tyhere  of  the  heaven  is  re- 
prefented,  with  the  globe  of  the  earth  1,1  the  middle  of  it;  n  and  s  are  thece- 

leftial  poles,  n  the  ardlic,  and  s  the  antarftic  pole;  in  fig.  20  -  j  and  22  rhe 

celeftial  equator  is  reprefented  by  eq,  the  north  parallels  by  aj  bb  cc-  and  31 
the  fouth  parallels  by  xx,yy,  zz :  all  ftrait  lines,  as  they  would  appear  if  thev  \\ 
were  to  be  viewed  with  the  eye  at  an  infinite  diftance,  and  inTe  plane  of 
e  celeftial  equator  extended  a,  in  fuch  a  view,  only  one  half  of  the  equator  and 

of  each  parallel,  tor:,  the  convex  femicircle  b,  can  be  feen ;  in  fig.  2  o  2  2  ‘  and‘24  22 
af?54«d2S8.  bjifo.  M  ‘o-0o,32,and34, 32 
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to.  the  celeftial  equator  and  parallels,  that  they  may  be  feen  entire,  are  reprefent:- 
30  ed  by  oblong  eUipfes,  fuch  as  they  would  appear  if  *ey  were  to  be  vuewed 
32  obliquely, with  the  eye  a  little  elevated  above  the  plane  of  me  equator  a"d  » 

34  -n  infinite  diftance-;  in  thefe,  and  mod  ot  my  other  figures  of  this  kind,  in 

'  which  the  pictures  of  entire  circles  are  given,  fuch  as  they  would  appear  drawn 
imon  a  cdafs  fphere,  and  viewed  obliquely,  I  have  reprefented  t  ie  tonca 
fe-nicirciesb  which  are  furtheft  from  the  eye,  by  pointed  femiellipfes;  and  t 
convexfemicircles  =,  which  are  neared  to  the  eye,  by  black  fenuelbpfes;  that 
they  may  the  more  eafily  be  diftinguifhed  from  one  anothei 

:  4.  -  An  inhabitant  of  the  earth  who  lives  at  either  of  the  poles,  has  one  of  the 
celeftial  Poles  always  in  his  zenith,  the  other  in  his  nadir;  he  has  alio  the  equa¬ 
tor  coincident  with  his  horizon:  and  therefore,  all  the  celeftial  pandlels,  being 
2q  parallel  to  the  equator,  are  parallel  to  his  horizon:  fuch  a  perfon  is  find  to  live 

30  in  a  parallel  fphere,  or  to  have  ,1  parallel  horizon:  fig.  29,  30. 

-  4  6  A11  inhabitant  of  the  earth  who  lives  under  the  equator ,  has  b 
the  celeftial  poles  in  his  horizon,  and  is  laid  to  live  in  a  right  fphere  or  to  have 
a  rhrht  horizon-,  becaufe  the  celeftial  equator  e  Q,  and  all  the  parallels  a  a,  bb, 
cc  and  y  v,  zz,  cut  his  horizon  hr  at  right  angles,  fig.  3  32- 

\,7  An  inhabitant  of  the  earth  who  lives  between  either  of  the  poles  and 
the3 equator,  is  faid  to  live  in  an  oblique  Jphere,  or  to  have  an  oblique  horizon', 
becaufe  the  celeftial  equator  cuts  his  horizon  obliquely ;  and  all  the  parallels  in 
3  2  the  fphere  of  heaven,  have  their  planes  oblique  to  the  plane  of  his  horizon 
34  fi<r  34.  In  an  oblique  fphere,  feme  ot  the  parallels  interfeftthe  horizon  at 
oblique  angles;  feme  are  entire  above,  feme  entire  below  the  horizon;  and 
theft  alfo  are  all  fo  fuuated,  that  their  planes  extended  would  mterfefl  the 
plane  of  the  horizon  extended,  at  oblique  angles:  thus,  let  fig.  37  reprefent  t  e 
earth  furrounded  with  the  fphere  of  the  heaven;  let  an  inhabitant  ot  the  earth 
be  placed  in  north  latitude  at  1. ;  his  horizon  is  hr,  which  is  intei lefted  ob  1- 
quely  by  the  equator  eq,  and  by  all  the  parallels  between  AR  and  hm  fuch 
■s  f  F  GO  11,  &c:  the  parallel  a  r  is  entire  above  the  horizon,  as  are  alio  all 
the  parallels  between  ar  and  the  north  pole  n  ;  fuch  as  bb.  ee,  d d:  the  pa¬ 
rallel  hm  is  entire  below  the  horizon, as  are  alio  all  the  parallels  between  hm 
and  the  fouth  pole  S;  fuch  as  «,  yy.  zz:  if  the  planes  of  theft  were  ex¬ 
tended,  as  they  are  reprefented  in  the  figure  before  us,  by  the  pointed  lines; 
they  would  interfca  the  plane  of  the  horizon  extended,  at  oblique  angles. 

348  The  largeft  parallel  which  appears  enure  above  the  horizon  o  any 
place  in  north  latitude,  is  by  the  ancient  aftronomers  called  the  arSltc  circle 
of  that  place:  within  this  circle,  between  it  and  the  arttic  pole,  are  compre- 

a  4  2:7  and  258.  b  ^  260-  c§  260.  hended 
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liended  all  the  ftars  which  never  fet  in  that  place,  but  are  carried  perpetually  fig. 
round  above  the  horizon,  m  circles  parallel  to  the  equator.  The  largeft  paral- 
lel  which  is  hid  entire  below  the  horizon  of  any  place  in  north  latitude  hthe 
antarBic  circle  d  that  place,  according  to  the  ancients:  this  circle  compre- 
lends  all  the  ftars  which  never  rife  in  that  place,  but  are  carried  perpetually 
lound  below  the  horizon,  in  circles  parallel  to  the  equator. a 

349  In  a  parallel  Jpbere,  the  equator  may  be  confidered  as  both  arclic  and  an- 
taraic  circle  }  for,  the  equator  being  coincident  with  the  horizon,  all  the  parallels 
on  one  fide  of  the  equator  are  entire  above  the  horizon,  and  all  the  parallels 
on  the  other  fide  of  the  equator  are  entire  below  the  horizon:  thus,  fmee  an  in¬ 
habitant  under  the  north  pole  has  the  equator  e (^coincident  with  his  horizon 
fig.  29,  all  the  north  parallels  aa,  bb,cc ,  are  entire  above  his  horizon,  and  vifi-  2o 
ble;  and  ail  the  fouth  parallels  xx,yy,  zz ,  are  entire  below  his  horizon,  and 
nibble  to  him:  on  the  other  hand,  an  inhabitant  under  the  fouth  pole  has 
all  the  fouth  parallels  entire  above  his  horizon,  and  all  the  north  parallels  en¬ 
tire  below  it;  as  will  appear  from  a  view  of  the  29th  figure  inverted. 

,  3  5  °  InJn  oblique  Jphere'y  the  nearer  any  place  is  to  one  of  the  poles ,  the  larger 
ai  e  the  ardhc  and  antarBic  circles  in  that  place,  as  being  nearer  to  the  celeftial 
equatoi,  which  is  a  great  circle:  thus,  if  a  place  c  is  in  30°  of  north  latitude 
hg-  35>  ^  .  horizon  of  it  is  hr,  the  ardtic  circle  is  ar,  the  antardic  hm:  if  a  ?r 
place  d  is  in  80  of  north  latitude,  fig.  36,  the  horizon  is  h  r,  the  ardtic  circle  of 
ar,  the  antardfic  h  Mj  both  much  greater  than  in  the  35th  fio-ure.  *  '3° 

351  In  a  right Jphere,  the  arttic  and  antarBic  circles  have  noplace ;  becaufe 
no  parallel  appears  entire  above  the  horizon ,  or  is  hid  entire  below  it  •  but 
every  parallel  is  divided  into  equal  parts  by  the  plane  of  the  horizon*  this  ao 
pears  by  fig.  3  1  where  the  equator  e  Qjind  every  parallel  is  divided  into  two  ,  , 
equal  paits  by  the  plane  of  the  horizon.  Some  modern  geographers,  in  their 
maps  and  globes,  by  the  arctic  and  antanftic  circles  underftand  two  fiyt  circles 
drawn  parallel  to  the  equator,  at  the  diftance  of  23°  30  from  each  of  the  poles’ 

but  thele  are,  properly  fpeaking,  the  polar  circles-,  and  will  hereafter  be  de- 
feribed  under  that  name:  §  371. 

J^^CCircIeiSCf  alio  maximum  fempen  apparently  and  drculus  perpetiu  apparitions-,  and  the 

a"d  *mt"  ***»  ™de  fir, p, ere,  grBt 

f(htp  P™ClU"’>  &<%•  »  Manil.  lib.  ,.  ,ui  tamen  ibi  mat,  el,  reprebej,  Z 

e,r,elu,„ara,a„„  , under,, femper  cumee.alere  eeekfii  IS  Ir.pia,  pe,um  habere  fia, nun,  ;  malalarLdem  eL. 
ten,  aeUftu  leeui,  per  pmaorem  eju.ma.alium  regreffum,  ut  infra  patebi,  fed  matantur  it, deni  lam  JXi 
quam  arc  ulus  arduus  L  antarBicus,  it  a  ut  Aqnatori  fmt  gmnes  Jemper  parallels.  * 

0  hernia,  infrod.  cap.  dc  circuits  fphxrsc. 
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CHAP  8.  THE  DIFFERENCE  IN  THE  APPARENT  DIURNAL  MOTION  OF 
THE  SUN  AND  OTHER  HEAVENLY  BODIES,  IN  THE  SAME  HORIZON; 

OR  IN  DIFFERENT  POSITIONS  OF  THE  HORIZON:  THE  TROPICS’. 

THE  EQUINOXES!  THE  SOLSTICES. 

,  C2  By  the  definition  of  the  horizon  §  278,  it  appears,  that  the  plane  of  the 
horizon  of  every  place  upon  the  earth  is  invariable,  fo  that  it  always  cuts  the 
furface  of  the  earth  in  the  fame  points;  and  this  fedion  of  the  globe  of  the  earth 
is  the  circumference  of  a  great  circle,  from  every  point  of  which,  the  place 
whofe  horizon  it  is,  is  90°  diftant:  fo  that  by  the  rotation  of  the  earth  the 
plane  of  every  horizon  is  carried  round  along  with  the  earth,  and  therefore 
there  will  arife,  from  the  different  pofition  of  the  horizon  in  refpeft  of  the  e- 
quator  and  its  parallels,  the  following  differences  in  the  apparent  motion  of  the 

fphere  of  the  heaven,  and  of  the  heavenly  bodies. 

n  ri  To  an  inhabitant  in  a  parallel  fphere,  fig.  38,  by  the  plane  of  his  ho¬ 
rizon* abcdefg  going  round  according  to  the  order  of  thofe  letters  the  vifible 
hemifphere  of  the  heaven  and  all  the  heavenly  bodies  which  aie  theiein  will 
appear  to  go  round  the  contrary  way,  according  to  the  order  of  the  lettens 
abcdefg,  above  the  horizon,  in  circles  parallel  to  it:  §  343  and  345. 

7  ca  In  a  right,  and  oblique  fphere,  the  horizon  of  every  place  is  carried 
round  along  with  the  earth  in  fuch  a  manner,  that  the  call  tide  of  it  is  a - 
ways  fucceffively  finking  below  thofe  ftars  and  other  heavenly  bodies  which 
are  in  the  eaftern  part  of  the  heaven;  by  means  whereof  the  ftars,  &c  appear 
to  rife  above  it,  on  the  eaft  fide:  and  the  weft  fide  of  the  horizon  is  conftantly 
rifing  above  the  ftars,  &c,  and  covering  them;  by  means  whereof,  the  ars, 
&c  in  the  weftern  part  of  the  heaven  appear  to  fink  down  below  the  weft  fide 

of  the  horizon,  or  to  let.  .  ,  ,. 

~  ,  -  And  this  rifing  and  fetting  of  the  ftars  and  other  heavenly  bodies,  in  a 

39  right  fphere,  is  in  circles  which  cut  the  horizon  at  right  angles:  thus,  fig.  39 

40  and  40  are  piftures  of  a  right  fphere,  a  is  the  place  of  the  inhabitant,  e  e  e  w  w 
the  plane  of  his  horizon  extended  to  the  heaven,  and  viewed  obliquely,  eve 
is  the  eaft  fide,  and  wWw  the  weft  fide  of  the  horizon;/,  g,  h,  are  ftars  in 
the  eaftern  hemifphere  of  the  heaven,  and  1,  /,  m,  ftars  in  the  weftern  hemi- 

39  fphere:  it  is  plain,  that  when  the  earth  is  in  the  fituation  reprefented  in  hg.  39, 
the  ftars  f  g,  b,  are  below  the  horizon,  and  invifible ;  and  the  ftars  /,  /,  m, are 
above  the’ horizon,  and  vifible:  but  when  the  earth,  by  the  rotation  round  its 
axis  n  s,  according  to  the  order  of  the  letters  a  be,  is  come  into  the  fituation 

40  reprefented  in  fig.  4o,  then,  by  the  eaft  fide  of  the  horizon  *  e  *  dnkmg  below 
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the  ftars h,  thofe  ftars  will  appear  to  have  rifen  above  the  eaft  fide  of  the  fig 
horizon ;  and  by  the  weft  fide  of  the  horizon  wWw  rifing  above  the  ftars  i,  l  m,  ,  0 

and  covering  them,  thofe  ftars  will  appear  to  be  fet  below  the  weft  fide  of  the  4 
horizon. 

.  356  hi  an  oblique  fphere,  the  rifing  and  fettingofthe  heavenly  bodies  is 
in  circles  which  cut  the  horizon  at  oblique  angles:  the  41  and  42  figures  are  4* 
piftuics  of  an  oblique  fphere,  in  which,  let  hzrx  represent  the  fphere  of  the 
heaven,  l  pet  the  globe  of  the  earth,  let  the  point  l  be  London,  whereof  z  is  the 
zenith,  and  x  the  nadir;  let  h  o  r  be  the  plane  of  the  horizon  of  London ;  if  the 
earth  be  imagined  to  turn  round  upon  its  two  poles  n  and  s,  according  to  the 
order  of  the  letters  abc  that  the  point  a  upon  the  earth  moves  into  the  place 
of  the  point  b,  and  the  point  b  moves  into  the  place  o f  c,  the  appearances  pro¬ 
duced  by  this  rotation  of  the  earth  will  be  the  fame  as  they  would  be,  if  the 
fpheie  h  z  r  x  turned  round  upon  the  poles  thereof  n  and  s,  the  contrary  way, 
according  to  the  order  of  the  letters  A  b  c  d  :  to  be  more  particular,  if  the  earths 
rotation  be  fuch,  that  from  the  fituation  reprefented  fig.  41,  it  comes  into  the  41 
fituation  in  fig.  42;  it  is  evident,  that  by  the  finking  of  the  eaft  fide  of  the  ho-  42 
rizon  h  or  obliquely  below  the  ftar  f,  the  ftar  f  will  appear  to  rife  obliquely 
above  the  eaft  fide  of  the  horizon  11  or;  as  alfo  that,  by  the  rifing  of  the  weft 
fide  of  the  horizon  hwr  obliquely  above  the  ftar  o,  and  covering  it,  the  ftar  g 
will  appear  to  fet,  or  fink  obliquely  below  the  weft  fide  of  the  horizon:  what 
is  here  faid,  to  explain  the  rifing  and  fetting  of  the  ftars,  is  applicable  to  the  fun, 
moon,  or  any  of  the  heavenly  bodies,  and  explains  their  rifing  and  fetting  alfo! 

357  The  fun,  feen  fiom  our  earth,  appears  in  a  different  point  of  the  hea¬ 
ven,  every  day  of  the  year:  if  the  fun  be  obferved  only  for  a  few  days  toge¬ 
ther  at  a  time,  this  change  of  place  is  hardly  difcoverable,  except  by  nice  aftro- 
nomical  obfervations;  and  therefore,  when  we  are  confidering  the  funs  place, 
only  in  order  to  explain  his  diurnal  motion  round  the  earth,  his  rifing  and 
fetting,  and  caufing  the  viciffitude  of  night  and  day,  we  may  look  upon  him 
as  continuing  in  the  fame  point  of  the  heaven,  during  the  time  of  one  or  two 
natural  dayo:  the  change  of  the  funs  place  in  the  heaven  is  however,  in  any 
confiderable  number  of  days,  very  obvious  to  every  body;  it  is  from  hence, 
that  he  appeals  to  rife  and  fet  in  different  parts  ot  the  horizon,  at  different 
times  of  the  year;  from  hence  it  is,  that  his  height  at  noon  is  fo  much  greater 
in  fummer  than  in  winter;  in  a  word,  it  is  to  the  change  of  the  funs  place  in 
the  heaven,  that  we  owe  the  difference  we  find  in  the  length  of  the  days  and 
nights,  and  in  thefeafons  of  the  year.  The  year  is  the  time  in  which  the  fun  goes 
through  the  feveral  changes  of  his  place  in  the  fphere  of  the  heaven,  and  re¬ 
turns  to  the  fame  place  again:  the  caufe  of  the  funs  appearing  thus  to  change 

his 
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his  place  is  really  the  motion  of  the  earth  round  the  fun,  whereby  we  change 
our  place,  and  view  him  from  different  Rations;  and  confequently,  at  different 
times  of  the  year,  feehim  in  different  parts  of  the  heaven;  this  annual  motion 
of  the  earth  round  the  fun  will  be  more  fully  explained  in  the  next  book;  it  is 
fufficient  for  our  prefent  purpofe  to  obferve,  that  the  fun,  by  this  motion  of  the 
earth  appears  fometimes  in  the  equator,  iometimes  north,  and  fome times  louth 
of  the  equator,  and  to  confider  the  difference  of  the  funs  apparent  diurnal  mo¬ 
tion  arifing  from  hence,  either  in  the  fame  horizon,  or  in  different  pofitions  of 

the  horizon.  .  , 

o  r8  when  the  funs  place  is  in  the  celeftial  equator,  his  apparent  diurnal 

motion  is  in  the  celeftial  equator  it  felt;  when  the  luns  place  is  in  any  other 

point  of  the  heaven,  his  diurnal  motion  is  in  a  parallel  drawn  through  that 

point;  §  343:  fig-  28.  _ 

^59  Twice  a  year  the  fun  appears  in  the  equator;  then  his  apparent  diurnal 

motion  is  in  the  celeftial  equator;  all  the  reft  ot  the  year  he  is  either  in  north 
declination,  and  then  his  apparent  diurnal  motion  is  in  a  north  parallel;  01  in 
fouth  declination,  and  then  his  apparent  diurnal  motion  is  in  a  fouth  parallel. 
At  the  beginning  of  the  fpnng,  about  the  io1-11  of  IVlarch,  the  fun  is  in  the  e- 
quator;  from  that  time,  he  appears  every  day  to  decline  more  andmoie  towards 
the  north,  and  defcribes  a  parallel  every  day  more  northward  than  the  parallel 
pf  the  preceding  day, till  fummer  begins a,  about  the  1  itn  of  June;  then  he  is  111 
his  utmoft  northern  declination,  and  his  diurnal  motion  is  in  the  moft  nor¬ 
thern  parallel  in  the  fphere  of  the  heaven  which  he  ever  appears  in:  from  this 
time,  his  declination  grows  lefs  and  lefs,  and  his  diurnal  motion  is  in  a  parallel 
nearer  every  day  to  the  equator  than  the  parallel  of  tne  preceding  day,  till  he 
comes  to  be  in  the  equator  again,  about  the  12*  of  September:  from  that 
time,  he  declines  more  and  more  fouth,  till  he  comes  to  his  utmoft  fouthern 
declination;  there  he  defcribes  the  moft  fouthern  parallel  he  ever  appears  in,  a^ 
bout  the  i?th  of  December:  from  that  time,  his  declination  grows  lefs  and 
lefs,  and  his  diurnal  motion  is  in  a  parallel  every  day  nearer  and  nearer  to  the 
equator,  till  he  arrives  at  the  equatoi  again,  the  ne^t  ipiing. 

Wo  The  moft  northern  and  fouthern  parallels  the  fun  ever  defcribes  are 
called  the  tropics ,  from  a  greek  word  trope  which  fignifies  turning;  becaufe  in 
thofe  two  parallels  the  fun  is  in  his  utmoft  declination,  and  from  thence  be¬ 
gins  to  turn  back  towards  the  equator  again.  The  northern  tropic  is  called 
*the  tropic  of  Cancer,  and  the  fummer  tropic-,  becaufe  it  paffes  through  that  part 
of  the  heaven  which  is  called  the  fign  Cancer,  or  the  Crab;  and  when  the  fun 
appears  therein,  the  fummer  begins,  to  thofe  who  live  in  noith  latitude.  The 

'  a  Aftionomers  begin  the  four  feafoas  in  March,  June,  September,  and  December;  as  will  appear  when 
we  come  to  treat  of  the  feafqn*. 

fouthern 
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fouthern  tropic  is  called  the  tropic  of  Capricorn,  and  the  winter  tropic ,  becauft  fig 
pail.s  through  a  part  of  the  heaven  which  is  called  the  flgn  Capricorn  • 
and  wnen  the  fun  appears  therein,  winter  begins,  to  thofe  in  north  latitude  :  in  43 
g.  43, 44.  45.  ECUS  Ae  equator,  tt,  the  fumtner,  ww  the  winter  tropic.  44 
•  j  ,  ,  r  .le  time  t!lc  Pun  ,iS  above  the  horizon  of  any  place  is  called  an  artifi- 

pL^T-bf  fl,n  -S  bd0W  the  ^0riz°'1  of  any  p!aee  ic  is  niSht  in  that 
? v  kB7  H  d%‘S  r°metll"es  meant  the  natural,  and  fometimes  the  artificial 
day  ;  but  tms  will  not  occafion  any  ambiguity  in  the  expreffion,  if  the  author 
be  tolerab.y  careful,  and  the  reader  any  thing  attentive. 

.  362,  ,  3  r'ght  “d  oblique  fphere,by  the  finking  of  the  eaft  fide  of  the  ho- 
be!°W  .tbe  fu"’ the  bin  appears  to  rife  above  the  eaft  fide  of  the  horizon  - 
and  by  the  nfing  of  the  weft  fide  of  the  horizon  above  the  fun,  the  fun  appears 
to  fet  below  the  weft  fide  of  the  horizon:  in  a  right  fphere,  this  rifin  J  and 
fettmg  of  the  fun  is  in  circles  that  make  right  angles  with  the  horizon  •  In  an 
oblique  fphere,  the  fun  rifes  and  fets  obliquely:  all  this  is  eafily  underftood 
i om  what  has  been  laid  of  the  nfing  and  fetting  of  the  flats,  §  3 5,  u6 
363  In  a  parallel  fphere,  an  inhabitant  under  the  north  pole  has  the  fun  a- 
bove  his  horizon,  and  it  ,s  confequently  perpetual  day  with  him,  all  the  time 
the  fun  is  m  north  declination;  that  is,  for  fix  months  together  from  the 

1°  °f  N  a.:'C.  ‘  t0  the  12\h  of  September,  §  359;  but  the  fun  is  below  his  ho- 
^  ,  and  it  is  night  with  him,  all  the  time  the  fun  is  in  fouth  declination- 
tiat  is,  for  fix  months  together,  from  the  12th  of  September  to  the  i0th  cf 
aich,  §  359.  On  the  other  hand,  it  is  day  with  an  inhabitant  under  the  fouth 
pole,  foi  fix  months  together,  all  the  time  the  fun  is  in  fouth  declination  -  and 
‘S,h  ’  w,m°nthS  t0Sether>  aI1  the  the  fun  is  in  north  declination  •  fig  ‘I .  , , 

36 h  ^  ^  a0"6  Pa,"  °f  tllC  drde  in  which  the  ^  appears  to  o-0  round^the' ' 
earth,  in  h.s  diurnal  motion,  is  above,  and  the  other  part  below  the  horizon 

of  any  place  that  part  of  the  circle  which  is  above  the  horizon  is  cS  Z 

SZZZS  thTcf  f  t  r  t fUn  appears  in  that  pi- ; 

and  whilft  the  r  1  C  "  h'Ch  iS  b£  °W  tbe  horlzon>  is  the  funs  noSlurnal arc ;  ,, 
and  wh ,1ft  the  fun  is  moving  therein,  it  is  night  in  that  place:  fig.  44  .1  -  % 

3  a  11  a  rig  t  fpnere,  fince  the  equator  and  every  parallel  is  divided  into 

wo  equal  parts  by  the  horizon,  §  3  5 1 ,  the  diurnal  am  is  equal  to t h ToZ 

na  ery  day  in  the  year:  under  the  line  therefore,  there  ^perpetual  ^ 

that  is,  the  days  and  nights  are  equal,  throughout  the  year-  every  divbeinr 

I2  hours  long,  and  every  night  of  the  fame  length.  See  fig  44  7  7  h"1'8 

366  Every  place  in  an  oblique  fphere  has  the  day  equaf  to  the  nwht  when 

« Sssi.  ,hc  -f  ort 

to,  this  reafon,  thofe  two  feaions  are  called  the  etpuino.es ;  and  the  equator,  the 

a  Jjecaufe  thp  emntnr  ....  ,  ’ 


45 


a  Becauie  the  equator  is  divided  into  two  equal  parts  by  the  horizon.  §  , 
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FIG.  equinoSiial  circle,  or  the  equhM  the  to*  of  March  is .called  the W, 
the  I2'1'  of  September  the  autumnal  equinox ;  becaufe  one  m  thele  is  die  beg 
nine  of  the  fpnng  the  other  of  the  autumn:  this  time  of  lpring  and  autumn 
rwith  regard  m’thofe  who  live  in  north  latitude;  as  for  thofe  who  live  in 
r  l  l  iti,n  ie  their  fnring  begins  in  September,  and  their  autumn  in  March: 
bm'it  mav  be  obferv^  here,  once  for  ah,  that  all  the  adronomical  books  we- 
have  were  written  by  authors  who  lived  on  the  north  tide  of  the  equatoi 
and  had  the  north  pole  elevated  above  their  horizon ;  and  therefore  many  tei  ms 
and  expreflions  ufed  in  adronomy,  are  fuch  as  are  proper  for  peifons  in  that 
flotation  •  thus  we  call  it  the  vernal  equinox  when  our  fpnng  begins;  we  look 
["  on  the  north  as  the  upper  part  of  the  heaven ;  and  call  any  motion  in  the 
heaven,  from  fouth  to  north,  afcending;  and  from  north  to  fouth,  defend  g. 

067  At  all  other  times  of  the  year  when  the  fun  is  not  in  the  equator,  the 
days  are  not  of  the  fame  length  with  the  nights,  in  an  oblique  fphere ;  becau 
every  parallel  which  is  interfefted  by  the  plane  of  the  horizon  is  divided  by 

45  ^'36^  Every  plac^h^north'latitiuie  has  the  day  longer  than  the  night  all  the 
time  the  fun  is  in  north  declination ;  and  the  day  is  longer  the  greater  that  de¬ 
clination  is:  and  the  longed  day  is  when  the  fun  is  in  the  tropic  of  Cance  . 

45  the  reafon  is  evidently  this;  fig.  45.  the  north  parallels  are  all  dwided  “nequal 
lv  bv  the  horizon,  in  fuch  a  manner,  that  the  diurna  arc  in  every  parallel 
exceeds  the  nofturnal:  and  the  further  north  any  parallel  is,  the  more  unequa  - 
ly  is  it  divided;  and  the  more  does  the  diurnal  exceed  the  noaurnal  aic  ;  and 
therefore  the  tropic  of  Cancer  being  the  furthed  north  of  any  ol  the  parallels 
which  the  fun  ever  appears  to  deferibe,  his  diurnal  arc  does  then  mod  exceed 
his  noaurnal  arc  when  he  is  in  that  tropic ;  and  confequently  then  is  the  longed 

^  3  dp1  Every °place  in  north  latitude  has  the  night  longer  than  the  day,  all 
the  time  the  fun  is  in  fouth  declination;  and  the  day  is  the  dinner  and  the :  night 
the  longer,  the  greater  the  fouth  declination  of  the  lun  is;  and  the  flioi  ted  c  y 
and  Yon"  e4  night  is  when  the  fun  is  in  the  tropic  of  Capricorn:  the  reafon  of 

45  this  is  ahb  eafilvfeen  by  fig.  45-  by  which  it  appears,  that 

are  uneaually  divided  by  the  horizon,  in  fuch  a  manner,  that  the  diurnal 
in  every  one^f  them  is  lefs  than  the  nodurnal;  and  the  further  fouth  any  pa¬ 
rallel  is7  the  more  unequally  is  it  divided,  and  the  more  does  the  noaurnal  arc 
exceed  the  churnal:  the  tropic  of  Capricorn  therefore  being  the  furthed  fouth 
of  any  of  the  parallels  the  fun  ever  deferibes,  the  nocturnal  arc  does  then  mod 
exceed  the  diurnal,  and  then  will  be  the  lliorted  day  ajid  the  longed  mg 

when  the  fun  is  in  that  tropic,  When 
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37°  When  the  fun  is  near  the  celedial  equator,  his  declination  alters  fo  fig 
faft,  that  in  two  01  thieedays  time  it  is  eafy  toobierve  a  change  therein;  when 
he  is  near  either  of  the  tropics,  his  declination  changes  fo  (lowly,  that  no  fen- 
fible  difference  in  it  can  be  perceived  for  feveral  days  together:  if  all  the  pa¬ 
rallels  of  the  funs  apparent  diurnal  motion  for  every  day  of  the  year  were  to 
be  drawn  upon  the  fphere  of  the  heaven,  thole  parallels  would  be  moll  didant 
fiom  one  anotner  which  are  neared;  to  the  equator;  from  the  equator  towards 
each  of  the  tiopics  the  parallels  would  be  cloler  and  clofer,  till  very  near  the 
tropics;  and  there  the  didance  between  them  would  be  infenfible;  fo  that  the 
fun,  when  near  either  of  the  tropics,  feems  in  his  diurnal  motion  to  be  carried 
round  the  earth  in  the  fame  parallel  for  feveral  days  together:  the  caufe  of  his 
changing  his  declination  in  fo  diderent  a  manner,  at  different  times  of  the  year, 
will  be  fhewn  in  the  lecond  book,  when  the  pofition  of  the  ecliptic  comes  to 
be  treated  of,  it  is  fufficient  at  prefent  to  lay  down  the  fad:  in  fig.  43,  44,  and  ,  ^ 
45,  the  parallels  oftne  funs  diurnal  motion  are  drawn  at  their  proper  didances,  44 
for  every  ten  days  of  the  year :  a  greater  number  oi  parallels  would  have  made  45 
the  figure  a  little  confufed,  and  thele  are  enough  to  fhew  the  inequality  of  their 
didances  from  one  another. 

3 7^  The  feafons  of  the  year  when  the  fun  is  in  the  tropics  are  called  the 
Joljiices’y  becaufe  at  thole  times  the  lun  feems  to  be  at  a  dand,  with  regard  to 
his  declination;  neither  going  further  from  the  equator,  nor  coming  nearer  to 
it,  for  feveral  days  following:  near  the  11^  of  June  is  the  Jummer ,  and  near 
the  12th  of  December  is  the  winter  / bljlice .  a 

372  The  fader  the  funs  declination  changes,  the  greater  difference  will 
there  be  between  the  diurnal  parallels  of  any  two  days  immediately  following 
one  another;  and  confequently  the  greater  increafe  or  decreafe  will  there  be  in 
the  length  of  the  artificial  day,  in  an  oblique  fphere,  in  the  fame  compafs  of  time, 

§  3^>  369 ;  the  funs  declination  changes  faded  near  the  equinoxes,  and  flow¬ 
ed  near  the  foldices,  §  3 70;  near  the  equinoxes  therefore  the  lengthening  or 
Shortening  of  the  days  is  mod  fenfible,  near  the  foldices  they  fee m  to  continue 
of  the  fame  length  for  feveral  days  together. 

373  Fig-  43>  44>  and  4  5>  are  figures  of  a  parallel,  right,  and  oblique  fphere,  43 
in  each  of  which  e  q  is  the  equator,  tt  the  tropic  of  Cancer,  ww  the  tropic  44 
of  Capricorn,  the  drait  lines  between  the  tropics  are  the  funs  diurnal  parallels,  45 
one  for  every  ten  days,  which  he  appears  to  deferibe  going  from  the  equator 
towards  each  tropic,  and  coming  from  the  tropic  towards  the  equator  again ; 
thus,  about  the  iot;i  of  March  lie  deferibes  the  equator  e  q.,  the  next  day  he 
goes  a  little  into  north  declination,  and  deicribes  a  parallel  about  one  degree 

a  S oljt itialis  dies  idem  eft.  qui  bru mails,  apud  Gellium,  lib.  q.  cap, 
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fig.  north  from  the  equator,  the  day  following  he  goes  a  little  further  into  north 
declination,  and  his  apparent  diurnal  motion  is  in  a  parallel  further  north;  and 
thus  he  continues  going  every  day  further  into  north  declination,  and  delcribes 
in  his  diurnal  motion  a  parallel  every  day  further  north  than  that  of  the  pre¬ 
ceding  day,  but  though  the  fun  continues  all  the  time  increaling  in  north  decli¬ 
nation,  vet  is  this  increafe  every  day  lefs  and  lefs,  as  he  goes  further  from  the  e- 
quator,  till  he  comes  to  his  utmoft  north  declination,  then  he  delcribes  the  tropic 
of  Cancer  tt,  about  the  1 2th  of  December;  from  that  time,  his  declination  de- 
creafes  every  day,  in  fuch  a  manner,  that  he  delcribes  the  lame  diurnal  paral¬ 
lels  over  again  in  an  inverted  order,  as  he  goes  backwards  towards  the  equator, 
at  which  he  arrives  about  the  12th  of  September;  then  he  goes  into  iouth  de¬ 
clination,  more  and  more  every  day,  and  delcribes  every  day  a  parallel  more 
fouth  than  the  parallel  of  the  preceding  day,  till  he  comes  to  his  utmoft  fouth 
declination,  about  the  12th  of  December;  then  he  delcribes  the  tropic  of  Ca¬ 
pricorn  ww;  and  from  that  time  his  declination  decreafes,  and  he  delcribes  eve¬ 
ry  day  a  parallel  nearer  to  the  equator  than  the  parallel  ofthe  preceding  day, 
till  he  comes  to  defcribe  the  equator  again,  about  the  1  Ith  01  March  fo  owing. 

,74  It  has  already  been  obferved,  §  350,  that  the  nearer  a  place  is  to  ei¬ 
ther  of  the  poles,  the  nearer  to  the  celeftial  equator  will  the  artfnc  and  antardhc 
,6  circles  be:  if  a  place  a  in  north  latitude,  fig.  46,  be  fo  near  the  north  pole,  that 
4  the  northern  tropic  t  r  is  the  arftic  circle;  when  the  fun  ism  that  tiopic, 
he  will  be  carried  round  therein  above  the  horizon,  and  make  it  continual  day 
in  that  place  for  24  hours,  §  348:  and  when  the  fun  is  m  the  iouthern  tropic 
hm,  which  is  alfo  the  autarkic  circle  in  that  place,  he  will  be  earned  round 
below  the  horizon,  and  make  it  continual  night,  for  24  hours:  §  348. 

,6  «r  A  parallel  ap  drawn  through  a  place  A,  whofe  longed  day  is  24  hours, 
is  called  the  polar  circle:  a  parallel  drawn  in  rhe  heaven  correfponding  to  this 
circle  a  is  the  polar  circle  in  the  fphere  of  the  heaven:  the  polar  circle  is  ei¬ 
ther  north  or  fouth:  the  north  polar  circle  is  drawn  upon  the  earth  through 
thole  places  in  north  latitude  which  have  their  longed  day  24  hours,  and  the 
northern  tropic  for  their  arctic  circle,  and  the  fouthern  for  their  antarctic. 
the  fouth  polar  circle  pafles  through  thofe  parts  of  the  earth  in  fouth  latitude 
which  have  their  longed  day  24  hours:  the  polar  circles  are  at  the  lame  di- 
dances  from  the  poles  as  the  tropics  are  from  the  equator;  namely,  23  30  . 
47  376  If  a  place  b,  fig.  47.  is  ftill  further  north  than  a  was  fuppofed  to  be 

'  in  the  foregoing  fcfition,  fo  as  to  be  within  the  polar  circle,  the  arftic  circle 
AS  and  the  antarftic  H  M  will  be  nearer  to  the  equator  than  the  tropics  are ;  and 
will  each  of  them  comprehend  more  of  the  parallels  of  the  luns  diurna  mo¬ 
tion,  befides  the  tropics.:  in  this  fituation,  all  the  time  the  fun  is  lo  far  in  nort 
*  1  declination 
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declination  as  to  be  within  the  arflic  circle,  he  will  be  carried  round  above 

tie  lorizon  of  that  place,  §  348,  and  it  will  be  continual  day  there;  and  all  the 

time  the  fun  is  fo  far  in  fouth  declination  as  to  be  within  the  antanRic  cir- 

c  e,  he  will  be  carried  round  below  the  horizon,  §  348,  and  it  will  be  conti- 
nuai  night. 

•  377  From  wbat  Fasr  been  ^  of  the  fun’s  apparent  motion  in  places  fituated 
in  nort  atitude,  in  the  three  feCfions  immediately  preceding,  it  is  eafy  to  un¬ 
derhand,  that  a  place  in  fouth  latitude,  whofe  antarCtic  circle  is  the  fouthern 
tropic,  will  have  24  hours  continual  day,  when  the  fun  is  in  that  tropic  a 
place  within  the  fouth  polar  circle  will  have  continual  day  all  the  time  the 

lun  is  witnin  the  antarCtic  circle,  and  continual  night  all  the  time  he  is  with¬ 
in  the  arCtic  circle  of  that  place:  &c. 

378  I  have  hitherto,  in  confidering  the  appearances  of  the  heavenly  bodies, 
had  no  regard  to  refraction,  by  which  all  the  rays  that  come  from  them,  as 
they  enter  our  air  and  pafs  through  it  to  our  eyes,  are  refraCted  or  bent,  §.213: 
the  nature  of  refraction  will  be  die  wn  more  at  large,  when  the  atmofphere  which 
furrounds  our  earth  comes  to  be  treated  of;  it  is  fufficient  for  the  prefent  to 
obferve,  that  thereby  all  the  heavenly  bodies  are  made  to  appear  higher  than 
they  really  are;  and  that  the  nearer  they  are  to  the  horizon,  the  greater  is  the 
refraction:  the  lun  therefore  is,  by  means  of  refraction,  made  to  appear  longer 
above  the  horizon  than  he  really  is,  and,  by  that  means,  the  artificial  dav  is 
longer  in  every  part  of  the  earth  than  it  would  be  without  refraction. 


CHAP.  9.  CLIMATES. 

379  The  ancients,  conlidering  the  diverfity  there  is  in  the  riling  and  fet- 
ting  of  the  heavenly  bodies,  efpecially  of  the  fun,  and,  in  confequence  there¬ 
of,  the  difference  in  the  length  of  the  days  and  nights  in  different  places,  ac¬ 
cording  as  they  are  more  or  lefs  diftant  from  the  equator,  divided  the  earth, 
fo  much  of  it  as  was  then  known  to  them,  into  climates:  and,  inffead  of  the 
method  now  in  ufe  of  fetting  down  the  latitude  of  places  in  degrees  and  mi¬ 
nutes,  they  contented  themfelves  with  faying  in  what  climate  the  place  un¬ 
der  conlideration  was  fituated;  and  when  they  had  a  mind  to  be  more  exact, 

they  would  tell  us  that  it  was  in  the  beginning,  the  middle,  or  end  of  luch 
a  climate. 

300  A  climate  is  a  fpace  upon  the  furface  of  the  earth  contained  between 
two  parallels,  lb  tar  dillant  from  each  other  that  the  longed  dav  in  one  dif¬ 
fers  half  an  hour  from  the  longed  day  in  the  other  parallel:  the  word  climate 
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is  derived  from  a  greek  word  that  fignifies  to  bend  or  incline,  the  difference 
of  climates  arifes  from  the  different  inclination  or  obliquity  of  the  fpherea: 
the  ancients  took  the  parallel  wherein  the  length  of  the  longefl  day  is  twelve 
hours  and  three  quarters  for  the  beginning  of  the  fir  ft  climate:  as  for  thole 
parts  which  are  nearer  to  the  equator  than  that  parallel,  they  were  not  ac¬ 
counted  to  be  in  any  climate;  either  becaufe  they  may  in  a  loofe  and  general 
fenfe  be  confidered  as  being  in  a  right  fphere,  though,  ftriftly  fpeaking,  only 
the  parts  direftly  under  the  equator  are  lo;  or  becaufe  they  were  thought  to 
be  uninhabitable,  by  reafon  of  the  heat,  and  were  befides  unknown. 

381  Climates  are  either  on  the  north  or  fouth  fide  of  the  equatoi :  the  num¬ 
ber  of  the  northern  climates  moff  generally  received  is  feven;  to  which  the 
like  number  of  fouthern  climates  correlpond:  the  names  of  the  northern  cli¬ 
mates  were  not  generally  taken  from  the  order  in  which  they  follow  one  an¬ 
other;  but  each  climate  was  denominated  from  fome  remarkable  place  which 
was  fuppofed  to  be  fituated  in  the  middle  of  it:  the  names  of  the  northern, 
climates,  according  to  the  ancients  were  thefe: 
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2  Syene  in  Egypt. 
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Alexandria  in  Egypt. 

Rhodes. 

Rome:  according  to  others,  through  the  Hellefponr. 

T  he  Boryflhenes ;  that  is,  through  the  mouth  of  that  riven 
The  Riphean  mountains. 


The  fouthern  parts  of  the  earth  being  then  very  little  known;  the  fouthern 
climates  received  their  names  from  the  northern  ones  to  which  they  did  in 
fuch  a  manner  ccrrefpond,.  that  they  were  as  far  diftant  from  the  equator 
fouthward  as  the  others  were  northward::  their  names  were  thefe b>. 

1  Meroe. 

2  Syene.- 

the  fouth  climate  which  3  Alexandria. 

correfponds  to  the  north  4  Rhodes* 

climate  through  -  5  Rome,  or  the  Hellefponc.. 

6  The  Boryflhenes. 

7  The  Riphean  mountains. 

a  9u/t  grtci  xX'ifAxla  dicunt,  indinat’tonts  coeli  <vocat  Vitruvius  lib.  I.  c.  1:  &  Gellius  lib.  14.  c.  1.  coeti 
divergintias,  Gellius  ibid.  b  Gr.  ubi  in  cm$ofttitu$  fimlitudinem  W  Aqua- 
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382  A  parallel  is  faid  to  pafs  through  the  middle  of  a  climate  when  the  Ion-  fig, 
geft  day  in  that  parallel  differs  a  quarter  of  an  hour  from  the  longeft  day  in 
either  of  the  extream  parallels  that  bound  the  climate:  this  parallel  does  not 
divide  the  climate  into  2  equal  parts,  but  the  part  nearelf  to  the  equator  is 
laiger  than  the  other;  becaufe  the  farther  we  go  from  the  equator  the  lefs  in- 
creafe  of  latitude  will  be  fufficient  to  increafe  the  length  of  the  longeft  day 

a  quarter  of  an  hour:  in  the  middle  parallel  of  the  firft  climate  the  longeft 
day  is  13  hours:  in  the  middle  of  the  fecond  climate  13  hours  and  an  half: 
in  the  middle  of  the  third  14  hours,  &c.  In  fig.  48,  let  ab  be  the  equator,  ni  48 
a  north  parallel  where  the  longeft  day  is  12  hours  and  J,.  od  a  parallel  where 
the  longeft  day  is  13  hours,  n  2  a  parallel  where  the  longeft  day  is  13  hours 
and  the  parallel  n  i  is  the  beginning,  c  d  is  the  middle  of  the  firft  northern 
climate :  n  2  is  the  end  of  the  firft  and  the  beginning  of  the  fecond  climate :  and 
all  the  fpace  between  the  parallels  n  i  and  N2  is  faid  to  be  in  the  firft  northern 
climate:  the  parallels  N2  and  N3  contain  the  fecond  northern  climate;  and  the 
parallel  e  f  is  in  the  middle  thereof,  &c:  if  we  take  parallels  at  the  like  diftan- 
ces,  on  the  fouth  of  the  equator,  we  (hall  have  the  fouthern  climates;  thus,  the 
parallels  s  1  and  S2  contain  the  firft  fouthern  climate;  the  parallels  S2  and  S3 
contain  the  fecond,  &c.  in  like  manner,  cd  is  faid  to  pafs  through  the  middle 
of  the  firft  louthern  climate ;  ef  through  the  middle  of  the  fecond,  &c. 

383  We  may  obferve  that  every  climate  has  three  parallels  which  mark 
the  beginning,  the  middle,  and  end  of  it:  and  that  the  parallel  which  marks 
the  end  of  every  preceding  climate  is  the  beginning  of  that  which  is  immedi¬ 
ately  fubfequent:  fome  of  the  ancients,,  divide  the  earth  by  thefe  parallels, 
and  fometimes  by  a  parallel  do  not  mean  a  meer  linear  circle  but  a  fpace  of 
fome  breadth;  in  which  fenfe  a  parallel  is- the  fame  as  half  a  climate:  and* 
fhews  the  difference  of  a  quarter  of  an  hour  in  the  length  of  the  longeft  day. 

384  Some  of  the  moderns  reckon  the  different  climates  by  the  increafe  of 
half  an  hour,  in  the  length  of  the  longeft  day;  as  has  been  deferibed,  §  380 
beginning  at  the  equator,  and  going  on  till  they  come  to  the  polar  circle,  where 
the  longeft  day  is  24  hours:  from  the  polar  circle  towards  the  pole,  they  count 
the  climates  by  the  increafe  of  a  whole  natural  day  in  the  length  of  the  lonveft 
day ,  till  they  come  to  a  parallel  under  which  the  day  is  of  the  length  of  1  ^  na¬ 
tural  days,  or  half  a  month:  from  this  parallel,  they  proceed  to  reckon  the  cli¬ 
mates  by  the  increafe  of  half  months  or  whole  months  in  the  artificial  day  • 
till  they  come  to  the  pole  it  felf,  under  which  the  length  of  the  day  is  fix 
months.  Thofe  between  the  equator  and  polar  circles  are  called  hour- climates-, 
thofe  between  the  polar  circles  and  the  poles,  month-climates. 

38 5.  Both  ancient  and  modern  writers  differ  very  much  from  one  another  in 
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the  number  of  climates,  becaufe  of  the  different  views  in  which  they  confider 
them;  the  ancient  adronomers*  confidered  the  climates  from  the  equator  to 
each  of  the  poles,  in  order  to  lhew  the  difference  in  the  apparent  motion  of 
the  heavenly  bodies,  efpecially  the  fun,  in  all  the  different  flotations  of  places 
upon  the  earth  which  can  be  imagined;  the  geographers  b  chiefly  confidered 
the  parts  of  the  earth  then  known;  later  writers,  to  take  in  new  difcovenes, 
increafe  the  number  of  climates:  this  fubjeCt  is  treated  of  at  large  by  Riccio- 
lus ,  geograph,  reformat .  l.7.c.9,io,  &c.  c  The  ufe  of  a  table  ot  climates  is, 
the  climate  in  which  any  place  is  fituated,  or  the  length  of  the  longed  day  in 
that  place,  being  given,  to  find  the  latitude;  or  the  latitude  of  a  place  being 
given,  to  find  the  climate,  or  the  length  of  the  longed  day  in  that  place. 

"086  In  common  fpeech,  we  ufe  the  word  climate  in  a  more  looie  and  general 
fcnfej  fo  that  when  two  countries  are  laid  to  be  in  different  climates,  it  is  vu- 
garlv  underdood  that  the  quality  and  temperature  of  the  air,  and  the  leaions 
of  the  year,  are  remarkably  different  in  one  from  what  they  are  m  the  other: 
this  is  not  true  of  different  climates,  in  the  adronomical  fenfe  of  the  word,  as 
defined  &  ^80;  for  the  difference  of  half  an  hour  in  the  length  of  the  longed 
davs  in  two  places  is  fo  far  from  being  the  occafion  ot^  any  confider  able  dif¬ 
ference  either  in  the  air,  or  inhabitants,  that  we  may  fometimes  find  a  great 
likenefs  between  the  countries  and  inhabitants  of  different  climates,  and  a  great 
difference  between  thole  which  are  in  the  lame  parallel:  the  difference  in  the 
temperature  of  the  air,  and  the  conditutions  and  tempers  of  the  inhabitants, 
may  often  be  better  accounted  for,  by  the  different  fituation  of  countries,  as  to 
their  being  high  and  mountainous,  or  low  and  level;  near  to  the  fea,  or  didant 
from  it;  their  being  woody,  fenny,  &c-,  as  alfo  by  the  nature  of  the  loil  and  the 

water.  Hippocrates  de  acre ,  aquis ,  G?  locis  ; fuse. .  .  .  . 

^  87  The  following  table  is  taken  out  of  Ricciolus ,  who  in  calculating  it  has 
made  an  allowance  for  the  effeCIs  of  refraction,  which  other  writers  have  neg¬ 
lected  to  do,  in  their  tables  of  climates:  refradion,  by  making  the  fun  appear 
higher  than  he  is,  keeps  him  longer  above  the  horizon  of  every  place  upon  the 
earth;  and  conlequently  makes  the  artificial  day  longer  than  it  would  be  with¬ 
out  refradion d.  In  this  table,  the  climates  are  didinguifhed  by  the  increafe  ot 
half  an  hour  in  the  longed  day,  till  it  comes  to  be  16  hours;  from  thence,  by 
the  increafe  of  one  hour  in  the  longed  day, till  it  comes  to  be  20  hours;  and 
from  thence  by  the  increafe  of  2  hours,  till  it  comes  to  be  24  hours;  there  the 
month-climates  begin,  which  are  didinguidied  by  the  increaie  of  1  5  days  in 
the  length  of  the  longed  artificial  day. 

a  Hipparchus  afud  Strafcon  1.  2.  Ptolem.  magn.  confined .  1.  2.  c.  6. 

c  tee  alio  \aremus gcografh.  1.  2.  cap.  25.  prop.  13.  d  $  3^. 
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CHAP.  10.  ASTRONOMICAL  TERMS  ARISING  FROM  THE  DIFFERE^E 
OF  THE  NOON  SHADOWS,  IN  DIFFERENT  PARTS  OF  THE  EARTH;  A  C  l 

Amphisch,  Heteroscii,  Per. sc.  Astronomical  terms  arising 

FROM  THE  INHABITANTS  OF  THE  EARTH  LIVING  IN  THE  SAME,  OR  IN 

different  parallels;  Synoeci,  Perioeci,  Antoeci,  Antichtho, 
nes,  Antipodes.  The  zones. 

0S8  When  the  funs  apparent  diurnal  motion  is  in  a  circle  which  pa(&s 
through  the  zenith  of  any  place  upon  the  earth,  the  Jun  is  that  day  faid  to  be 
ZrZl  to  that  place;  becaufe  the  fun  will  that  day  at  noon  be  m  the  zentth, 
directly  over  the  head  of  an  inhabitant  ot  that  place. 

-89  At  the  equinoxes,  about  the  ,  o*  of  March  and  the  12*  of  September, 

3  ,  the  fun,  being  in  the  celeftial  equator,  is  vertical  to  all  th.ofe  who  live  under 

32  go' When  the  fun  is  in  any  of  the  celeftial  parallels,  he  is  that  day  vertical 
to  thole  who  live  in  a  correfponding  parallel  upon  the  earth-1,  thus  w  hen  t  e 
fun  isin  10“  north  declination,  heis  that  day  vertical  to  thofe  who  live  in  to 
of  north  latitude:  thus  again,  when  the  fun  is  in  either  ot  the  tropics  he  1  that 
day  vertical  to  all  who  live  in  a  correfponding  parallel  upon  the  earth  ,  Uch 
is  one  of  the  terreftrial  tropics.  The  utmoft  declination  of  the  .un,  either  nor  h 
or  fouth  is  230  30',  the  celeftial  tropics  are  therefore  parallels  drawn  23  30 
fromthe  celeftial  equator ;  and  the  terreftrial  tropics,  which  are  ufually  drawn 
upon  the  terreftrial  globe,  are  the  fttme  number  of  degrees  and  minutesfrom 

the  terreftrial  equator,  being  correfponding  parallels. a 

. q  j  Since  the  fun,  in  his  apparent  diurnal  motion,  is  never  earned  round  m 

a  parallel  further  from  the  celeftial  equator  than  the  tropics,  §  360,  he  is  ne- 
vePr  vertical  to  thofe  who  live  without  the  terreftrial  tropics;  that  is,  above 

2-1°  30' from  the  terreftrial  equator,  .  , 

302  All  who  live  between  the  tropics  have  the  fun  vertical  twice  a  year  .thus, 
the  fun  is  vertical  to  thofe  who  live  under  the  line  twice  a  year;  in  March 
S  Septembers  389.  thus  again,  if  a  place  is  in  10°  north  at,  tude,  the  fun  will 
be  vertical  to  it.  when  he  is  in  10°  north  declination,  which  he  is  twice  a  year; 
once  as  he  goes,  increafmg  in  north  declination,  from  the  equator  towards  the 
northern  tropic;  the  other  time  as,  1ns  declination  decreafing.  he  comes  back 

aeain  from  the  northern  tropic  towards  the  equator.  . 

7  0  7  All  who  live  between  the  tropics  have  the  fun  at  noon  fometimes  north, 
and  fometimes  fouth:  thus,  they  who  live  in  a  place,  which  is  in  20  north  la- 
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titude,  have  the  fun  at  noon  to  the  north  of  their  zenith,  when  the  fun  is  in 
more  than  20°  north  declination:  at  all  other  times,  when  the  fun  is  either  in 

fouth  declination,  or  not  fo  much  north  as  20°,  he  will  be  fouth  from  their 
zenith  at  noon. 

394  Thofe  places  that  lye  without  the  tropics  never  have  the  fun  vertical: 
but  fuch  of  them  as  are  in  north  latitude,  have  the  fun  at  noon  always  to  the 
fouth  j  and  fuch  of  them  as  are  in  fouth  latitude,  have  the  fun  at  noon  always 
to  the  north  of  their  zenith. 

395  When  the  fun  at  noon  is  in  the  zenith  of  any  place,  the  inhabitants  of 
that  place  were  by  the  ancients  called  afcii ,  that  is,  without  fhadow ;  becaufe 
the  fhadow  of  a  man  {landing  upright,  when  the  fun  is  diretfly  over  his  head, 
is  not  extended  beyond  that  part  of  the  earth  which  is  diredly  under  his  body : 
in  fuch  a  fituation,  the  fhadow  of  an  upright  pillar,  whilfl  the  fun  is  in  the 

zenith,  will  fall  upon  that  part  of  the  earth  upon  which  the  pillar  flan ds  ;  and 
therefore  will  not  be  vifible. 

3  96  Since  the  fhadow  of  every  opake  body  is  extended  from  the  fun ;  when 
the  fun  at  noon  is  fouthward  from  the  zenith  of  any  place,  the  fhadow  of  an 
inhabitant  of  that  place,  and  indeed  of  every  other  opake  body,  is  extended 
towards  the  north:  when  the  fun  is  northward  from  the  zenith  of  any  place, 
the  fhadow  falls  towards  the  fouth. 

397  All  who  live  between  the  tropics  have  the  fun  at  noon,  fometimes 
north,  and  fometimes  fouth  from  their  zenith,  §  393;  and  confequendy  their 
fhadows  at  noon  fall  at  one  time  of  the  year  towards  the  fouth,  at  another 
time  of  the  year  towards  the  north;  thefe  were  called  ampbifcii ,  that  is,  hav¬ 
ing  both  kinds  of  meridian  fhadows. 

398  They  who  live  without  the  tropics  have  their  noon  fhadows  always 
the  fame  way;  and  are  therefore  called  heterofcii ,  that  is,  having  but  one  kind 
o!  fhadow:  if  they  are  in  north  latitude,  their  meridian  fun  being  always  fouth, 

§  394,  their  noon  fhadows  will  be  always  towards  the  north:  this  is  the  cafe  of 
Europe  in  general,  and  of  England  in  particular:  they  who  live  in  fouth  la¬ 
titude,  without  the  fouthern  tropic,  have  the  fun  at  noon  always  north,  and 
confequendy  their  noon  fhadow  always  falls  towards  the  fouth. 

399  Wnen  a  place  is  fo  far  diflant  from  the  equator  that,  when  the  days 
are  longefl  in  that  place,  the  fun  is  carried  round  24  hours  or  longer  above 
the  horizon  of  ita;  the  inhabitants  thereof,  during  that  time,  are  called  peri- 
fat,  that  is,  having  tneir  fhadows  go  round  them:  the  nearer  a  place  is  to  one 
of  the  poles,  the  longer  are  the  inhabitants  thereof  perifcii:  if  there  be  any  in¬ 
habitants,  under  the  poles,  they  are  perifcii  for  fix  months  together:  and  in¬ 
deed  feveral  days  more,  upon  the  account  of  refradion  §  387. 
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400  The  inhabitants  of  different  parts  of  the  earth  may  be  confidered  with 
regard  to  the  parallels  in  which  they  live;  in  order  to  know  whether  the  length 
of  the  days,  or  the  times  of  the  feveral  feafons  of  the  year,  are  the  fame,  or  diffe¬ 
rent  therein :  if  two  places  were  fo  near  together  that  there  was  no  obfervable 
difference  between  their  feveral  horizons,  the  inhabitants  of  thofe  places  were 
by  the  ancients  called  Jynceci*-,  that  is,  near  neighbours:  thele,  having  the 
fame  horizon,  have  the  nights  and  days,  and  the  leafons  of  the  year  alike, 
and  at  the  fame  time.  The  inhabitants  of  diftant  places  in  the  fame  parallel 
were  called  priced ;  that  is, living  in  the  fame  circle:  thefe,  being  on  the  fame 
fide  of  the  equator,  have  the  feafons  of  the  year  alike,  and  at  the  fame  time; 
having  alfo  a  like  elevation  of  the  pole,  and  a  like  horizon,  the  heavenly  bodies 
appear  in  both  to  rife,  to  come  to  their  meridians,  and  to  fet,  in  the  fame  man¬ 
ner,  fupra  chap.  8,  but  at  different  times  of  the  day,  according  as  their  meridi¬ 
ans  are  more  or  lels  diftant,  §311;  they  have  therefore  the  fame  kind  of  days  and 
nights,  but  at  different  hours.  Some  writers  reftrain  the  appellation  of  penceci 
to  thofe,  who  live  in  oppolite  points  of  the  fame  parallel ;  when  it  is  noon  in 
one  of  fuch  places  it  is  midnight  in  the  other,  §  302.  VVnen  two  places  are 
in  parallels  which  are  equally  diftant  from  the  equator,  but  one  of  them  in 
north,  the  other  in  fouth  latitude;  the  inhabitants  were  called  antceci :  thefe  have 
a  like  elevation  of  the  poles,  but  in  one  place  the  north,  in  the  other  the  fouth 
pole  is  elevated;  they  have  therefore  a  like  increafe  of  days  and  nights,  and 
like  feafons  of  the  year,  but  at  different  times  of  the  year;  it  being  the  longeft 
day  and  the  beginning  of  fummer  in  one  place,  when  it  is  the  fhorteft  day  and 
the  beginning  of  winter  in  the  other:  fome  will  have  the  antosd  to  be  under  the 
fame  geographical  meridian,  fo  as  to  have  the  day  or  night  at  the  fame  time,  fee 
§  302.  If  two  places  were  in  parallels  equally  diftant  from  the  equator,  one 
in  north,  the  other  in  fouth  latitude,  and  in  oppofite  meridians  b;  the  inhabi¬ 
tants  of  one  place  were,  in  refpedt  of  the  inhabitants  of  the  other  place,  called 
antichthones ,  that  is,  living  upon  oppofite  parts  of  the  earth;  or  antipodes ,  that 
is,  having  their  feet  oppohte:  when  two  perfons  are  antipodes ,  the  zenith  of 
one  is  the  nadir  of  the  other;  §  277,  and  28  1.  They  who  are  antipodes  have  a 
like  elevation  of  the  pole,  but  of  different  poles;  they  have  alio  like  days  and 
nights,  and  like  times  of  the  year;  but  every  thing  at  oppofite  hours  of  the 
day,  and  oppolite  feafons  of  the  year:  thus,  when  it  is  noon  with  us,  it  is  mid¬ 
night  with  our  antipodes',  when  the  days  are  longeft,  and  lummer  begins  with 
us,  the  days  are  fhorteft,  and  winter  begins  with  them. 

401  The  zones  are  parts  of  the  fpherical  furface  of  the  earth,  into  which  it 
is  divided  by  the  tropics,  and  polar  circles:  all  that  part  of  the  earth  which  lyes 

a  Clcomed.  cap.  me)  b  §  300. 
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between  the  two  tropics  is  called  the  torrid  -zone;  this  fome  of  the  ancients 
nought  uninhabitable,  by  reafon  of  the  great  heat,  which  tiiev  imagined  muft 
k  tneie  when  the  lun  is  vertical  :  but  it  is  now  known,  that  many  parts  of 
it  are  inhabited,  and  that  when  the  fun  is  vertical  to  them,  his  heat  is  ufually 

the  Sit  WU f  C0°  T’  and  refrdhinS  ft°wers.  Between  each  tropic  and 

ne  polar  circle  next  to  it,  lyes  a  temperate  zone ;  the  polar  circles  comprehend 

th e  fugtd  zones;  thefe  were  fuppofed  to  be  uninhabitable,  by  reafon  of  tire 

cold:  the  zones  are  generally  faid  to  be  five;  one  torrid,  two  temperate,  and  two 

frigid,  fome  make  the  number  of  them  fix,  dividing  the  torrid  zone  into  two 

402  When  any  parts  of  the  earth,  ox  of  the  heaven  are  fitid  to  be  on  the  right 
hand,  ox  on  the  left  thefe  expreflions  have  different  meanings  in  different  wri- 
tei  s,  to  underftand  which  it  is  neceffary  to  know  which  way  the  face  is  fup¬ 
pofed  to  be  turned :  geographers  look  towards  the  north,  becaufe  the  northern 
P*r°f  thf  frth  *s  mo11  kn°wn ;  with  them  therefore  the  eaft  is  on  the 

?£  the.w,eft,°n  the  !eft:  aftronomers  look  towards  the  foucb,  obferv- 

8  ,  nea vc n ,y  bodies  as  they  come  to  the  meridian;  with  them  the  weft  is 

on  the  right  hand,  and  the  eaft  on  the  left:  the  ancient  augurs,  who  pretended 
t  divine  by  obfeivmg  from  what  part  of  the  heaven  thunder  and  lightning 
came,  which  way  birds  flew,  &t,  fet  their  faces  towards  the  eaft;  fo  that  the 
fouth  was  on  their  right  hand:  the  poets  looked  towards  the  fortunate  iflands 
in  the  weltj  and  had  therefore  the  north  on  their  right  hand-^ 

The  following  verfes  may  ferve  to  help  the  memory. 

To  the  nor  th  pole  turns  the  geographer ; 

At  the  meridian  looks  th  aifronomer* 

The  augur,  where  aurora  fmiles; 

The  poet  tow’rds  the  happy  iiles, 


CHAP.  1  I.  HOW  TO  DRAW  A  MERIDIAN  LINE. 

403  In  a  1  ighc  fphere?  every  point  in  the  heaven  appears  to  rile  at  right  an- 
g  es  above  the  eaft  fide  of  the  horizon,  and  to  go  gradually  higher  and  higher 
tfll  it  is  at  the  meridian,  there  it  is  at  the  higheft,  and  from  thence  it  fails 
lower  and  lower,  till  it  fets  at  right  angles  below  the  weft  iide  of  the  horizon, 
in  any  place  m  an  oblique  iphere,  every  point  in  the  heaven  not  gom, 

P  The  word  zone  fignifyes  a  girdle  or  belt. 

:  b  Ricciol.  geogr.  reform,  p.  4.  ubi  hoc  dijlichon  Brietii  profert} 

Ad  boro  am,  terra  i  fed  cae/i  rnenfor  ad  aufrum  ; 

Augur  ad  exortutn  mo  vet ;  occafu  r?iqu  e  poet  a . 


o  2 


prehen  ded 
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10\  ,  J  .  1  .  .rAic  circle  of  that  place  appears  to  come  obliquely  a- 

to flowed  point  again;  the  lot.oll  point  of  ..or,  pat.llol,  tong  op- 

P1'V  T,“  S»;  ofltoaX*"”' Scauf.  of  th«  .PP« »  ^ 

mmmm 

In  the  fame  parallel:  from  hence  and  from  the  precedmg  fe&on  is  derived  the 

following  method  of  finding  a  meridian  line. 

■  or  To  fad  a  meridian  line  by  the  fun-,  upon  an  horizontal  plane, 

405  lojma  am  d/uk/wire  AB.  an  hour  or  two  before  noon, 

49  for  example  about  10  in  the  morning,  make  a  mark  at  d,  where  the  foadow 
of  the  whe  terminates:  take  away  the  wire,  and  from  the  center  A  through 
,  •  t-  rlr^w  a  circle  cm  d  e  ;  replace  the  wire  as  before;  as  the  fun  rifes 

higher  "the  fhadow  will  grow  (horter,  till  noon,  when  it  is  at  the  fhorteft;  then 
asfhe  fun  mows  lower,  the  lhadow  will  grow  longer;  obierve  in  the  afternoon 
when  the  extremity  of  the  lhadow  juft  touches  the  circle  again,  and  make  a 
mark  there,  as  C;  find  the  middle  point  m  of  the  arc  CD,  and  from  the  center  A 
draw  through  it  the  line  am,  this  is  the  meridian  line;  or  a  line  made  by  the 
common  feltion  of  the  planes  of  the  meridian  and  horizon  .  The  reafon  o 
the  operation  is  this;  at  equal  diftances  from  noon,  before  and  after  it,  the  fun 
ofthe  fame  height,  and  in  verticals  equally  diftant  from  the  meridian:  there- 
fore  convX  circle  drawn  through  the  zenith  equally  diftant  from  any  two 
verticals'^  both  of  which  the  fun  is  at  the  fame  height  is  the  meridian.  The 
planes  of  two  fuch  verticals,  or  rather  their  common  fedions  with  the  plane 
of  the  horizon,  are  found,  by  marking  the  lhadows  of  the  wire  before  and 
after  noon,  when  they  are  of  the  fame  length  as  ac  and  ad  are,  by  §  *5-  for 
other  methods  of  finding  the  meridian  line,  fee  Ricaol.  Almageji  l.  10.  §  4. 
Tacquet  aflron .  I  5.  c.  4.  Suite  des  memotres  de  l' Acad.  Royale  pom  /  aim.  171  . 

pag.  22.  edit.  Par.  •  i  1°°-  b  *  ,l50'  ,o6  1  have 


CHAP.  II. 


ASTRONOMY  I0(> 

406  I  have  here  fuppofed  the  funs  declination  to  continue  the  fame  fore¬ 
noon  and  afternoon ;  this  operation  therefore  is  to  be  performed  at  one  of  the 
fo! dices,  when  the  funs  declination  does  not  fenfibly  alter  for  fome  time  §171* 
and  the  fummer  folitice  is  much  the  beft,  becaufe  the  fun  is  then  higheft  and 
changes  his  altitude  failed;  whereas  at  the  winter  folftice  he  is  fo  low, ’that 
the  obfervations  of  him  are  liable  to  errors  arifing  from  refraflion,  and  his  mo¬ 
tion  above  the  horizon  is  fo  oblique,  that  he  changes  his  vertical  fader  than 

he  does  his  altitude;  which  is  inconvenient  in  an  operation  that  is  to  determin 
nis  vertical  by  his  altitude. 

There  are  moreover  fome  other  cautions  to  be  obferved  in  finding  the  me¬ 
ridian  line  by  this  method;  1.  A  clear  day  flrould  be  chofen,  and  ^horizon¬ 
tal  plane  Ihould  be  white,  or  of  fome  light  colour,  that  the  lhadow  upon  it 
may  appear  the  more  didmdt;  2.  The  wire  mud  not  be  too  long,  that  the  extre¬ 
mity  o  the  lhadow  may  be  well  defined;  Ricciolus  propofes  to  have  it  about 

f,lnihe?  ‘°"S’  3-  The  end  of 'he  wire  mud  not  be  a  diarp  point,  but  about 
the  thicknefs  I  have  drawn  it  in  the  figure,  that  the  end  of  the  lhadow  may 

be  didinft;  4.  When  accuracy  is  required,  from  the  center  a  draw  fevera!  con- 
centric  circles,  that  you  may  mark  in  each  of  them  the  points  where  the 
lhadow  of  the  wire  terminates,  at  feveral  times  before  and  after  noon;  as  at 
9  in  the  morning,  and  3  in  the  afternoon;  at  1 1  in  the  morning,  and  1  in  the 
afternoon  &c:  if  the  meridian  line  paffes  through'  the  middle  of  all  the  arcs 
thus  marked  out,  the  agreement  of  fo  many  feveral  obfervations  will  be  a  o-0od 
proof,  that  the  meridian  line,  found  the  fame  by  them  all,  is  fufficiently  exadf. 

407  One  meridian  line  being  given ,  another  may  be  drawn  upon  another 
horizontal  plane,  by  the  following  method;  hang  a  thread  with  a  plummet  ex¬ 
actly  over  the  fouth  end  of  the  meridian  line  given,  and  another  thread  with  a 
plummet  over  the  fouth  end  of  the  plane  upon  which  the  meridian  line  is 
to  be  drawn;  let  oneperfon  obferve  at  noon,  the  moment  when  the  lhadow  of 
the  fim  thread  falls  exadly  upon  the  meridian  given,  and  let  another  obferver 
at  the  fame  time,  mark  two  diflant  points  in  the  lhadow  of  the  fecond  thread  * 
a  line  drawn  through  thofe  points  is  the  meridian  line  required.  By  the  fame 
method  may  a  meridian  line  be  found  upon  a  fouth  ’wall,  by  markine  two 
points  in  the  fhadow‘of  a  thread  hung  at  a  little  diftance  from  it:  if  the  meri¬ 
dians  are  near,  he  that  obferves  the  lhadow  of  the  firft  thread,  may  let  the  o- 
ther  know  the  moment  it  falls  upon  the  meridian  line,  by  faying  »**,;  if  they 
are  far  diftant,  it  Ihould  be  done  by  the  motion  of  the  hand,  becaufe  found 
ta^es  lome  time  to  pafs  from  one  place  to  another. 

408  The  meridian  line  is  the  very  bafis  of  agronomical  obfervations :  a  ma¬ 
rt  tan  me  eing  found,  there  may  be  placed  over  it  a  quadrant  or  fextant  in 

fuch 


Xri 


BOOK  I. 


FIG. 


I10  astronomy 

iuch  a  manner,  that  though  it  be  moved  up  or  down  to  give  it  different^  ele¬ 
vations  in  order  to  view  through  the  fights  of  it  the  celeftial  bodies  at  diffe¬ 
rent  altitudes;  yet  the  plane  of  that  fide  of  the  inftrument  upon  which  the  d.- 
i^rees  are  marked  fnall  continue  all  the  while  in  the  plane  of  the  mendian.  the 
°r.iural  arc  in  the  Royal  Ob/ervatory  at  Greenwich  is  a  wall  built  01  black  - 
hie,  one  fide  of  which,  ftanding  exadly  in  the  plane  ot  the  mendian, ,  b* 
large  and  accurately  divided  brafs  quadrant  fixt  to  it,  moveable  round  its  cente  , 
and  with  telefcopic  fights.  See  the  defcription  of  it  in  Smith  s  Optics, 


CHAP.  12.  TO  OBSERVE  THE  TRANSITS  OF  THE  HEAVENLY  BODIES. 
TO  FIND  THE  HEIGHT  OF  THE  POLE;  THE  MERIDIAN  OF  THE  R.  OBSER¬ 
VATORY  AT  Paris:  gnomons,  and  their  use. 

400  To  obferve  the  tranfits ,  or  pa/ages  of  the  heavenly  bodies  crofs  the  plane  of 
the  meridian]  a  meridian  line  being  found  by  §  405,  hang  two  threads  with 
plummets  exactly  over  it,  at  a  little  diftance  from  one  another,  and  they  will  be 
}n  the  plane  of  the  meridian;  if  you  place  your  eye  clofe  to  one  of  the  threads, 
in  fuch  a  manner  that  you  make  it  cover  the  other,  and  both  appear  as  one 
thread;  when  a  ftar  is  behind  the  threads,  it  is  in  the  meridian:  by  the  fame 
method  may  the  fun  be  viewed,  through  a  finoked  glafs;  when  the  threads  pals 
through  his  center,  he  is  in  the  meridian :  but  the  bed  way  of  obferving  either 
de  fun  moon,  ftars  or  planets,  is  through  a  telefcope  placed  in  the  meridi¬ 
an  with  two  crofs  hairs,  one  of  which  is  in  a  vertical,  the  other  in  an  hori- 
zontal  pofition:  when  the  vertical  hair  paffes  through  the  center  of  the  fun, 

he  is  in  the  meridian. 

4.  io  To  find  the  elevation  of  the  pole,  in  any  place  j  with  an  inftiument  fixt 
in  the  plane  of  the  meridian  by  §  408,  take,  by  one  of  the  methods  (hewn 
£  084..  28  c,  2,86,  the  greateft  and  leaft  height  of  fome  liar  which  never  lets  in 
t’vT  place  but  is  comprehended  within  the  ar&ic  circle  thereof,  the  middle 
a  h-ic-ht  between  thefe  two  extreams,  is  the  elevation  of  the  pole:  thus  fig.  50, 
oMerve  the  height  of  the  ftar  a,  when  in  the  meridian,  at  its  greateft  height  at 
V-  fuppofe  it  found  6o°  30  :  twelve  hours  after,  by  the  rotation  of  the  earth, 
die  fame  ftar  will  be  in  the  oppofite  part  of  the  meridian,  at  its  leaft  height 
atV  fuppofe  this  found  40°  3°' *•  the  difference  between  the  greateft  height 
md  the  leaft  is  20°;  half  this  difference,  viz,  10  ,  addeo  to  the  lead:  height,  01 

taken  from  the  greateft,  gives  the  elevation  of  the  pole  520  3°- 
'  ‘  ,  u  fhe  elevation  of  the  pole  may  be  found  by  one  obfervation  of  the  height 
Tf  a  ftar  in  the  meridian,  if  the  declination  of  the  ftar  be  known:  thus,  in  the 
fable  of  the  declination  of  ftars  for  the  year  1730  a;  I  find  tne  declination  of 

a  Connctfjance  eies  temps ,  ann.  1739. 
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the  pole  fiar  to  be  87°  52  18":  its  difiance  from  the  pole,  being  the  comple¬ 
ment  of  its  diftance  from  the  equator,  is  then  20  7  42":  fuppofe  I  find  the 
greatefi;  height  of  this  fiar,  in  the  meridian  at  c,  fig.’ 50,  to  be  540  38'  12": 
take  from  thence  the  fiars  difiance  from  the  pole,  20  7  42",  and  the  remainder 
is  the  height  of  the  pole,  520  30  30".  The  elevation  of  the  pole  may  alfo  be 
found,  by  taking  the  leafi  height  of  a  fiar,  and  adding  thereto  the  difiance  of 
the  fiar  from  the  pole;  but  care  muft  be  taken,  not  to  choofe  a  fiar  which 
comes  near  the  horizon  when  it  is  at  the  lowefi:  once  for  all,  let  it  be  remcm- 
bred,  that  thole  obfervations  of  the  fiars,  &c  are  befi  which  are  made  nearefi 
to  the  zenith;  as  being  leafi  liable  to  the  errors  arfiing  from  the  uncertainty 
and  variablenefs  of  refraction. 

412  To  find  the  height  of  the  equator ;  take  the  meridian  height  of  a  fiar 
which  has  no  declination,  but  is  in  the  equator;  or  take  the  meridian  height 
01  the  fun  when  lie  is  in  the  celeftial  equator;  the  height  of  the  equator  is  here 
found  at  once:  the  height  of  the  equator  may  alfo  be  found  by  the  meridian 
heigat  of  a  ftai  which  has  declination,  or  by  the  meridian  height  of  the  fun 
when  he  is  not  in  the  equator,  provided  it  be  firfi  known  what  and  how  much 
the  declination  of  the  fiar  or  the  fun  is  at  the  time  of  making  the  obfervation; 
thus,  fuppofe,  in  the  year  1730,  I  am  in  a  place  where  I  want  to  know  the 
height  01  the  equator;  I  find  the  fiar  called  Aldebaran  or  the  Bulls  eye  is  that 
year  in  15  36  ^48  north  declination  a;  I  obferve  the  meridian  height  of  it,  and 
find  it  45  2^;  from  450  2 , 1  take  the  fiars  declination,  130  36'  48";  and  the  re¬ 
mainder  29  3  12  is  tne  height  of  the  equator.  Thus  again,  fuppofe,  Ocfob. 
Ioth  \7 3°>  1  obferve  the  meridian  height  of  the  fun  to  be  3  Y  4 ;  the  funs  de¬ 
clination  that  day  is  6°  38  46" b,  and,  this  declination  being  fouth,  the  fun  is 
to  an  inhabitant  in  north  latitude  fo  much  lower  than  the  equator;  I  mufi  there¬ 
fore  add  the  funs  declination  to  his  height;  the  fum  of  thefe  two  numbers 
Vlz  37  42'  46"  is  the  height  of  the  equator. 

413  Scholium,  the  height  of  the  equator  being  found,  the  elevation  of  the 
po  e  is  known;  or  tne  elevation  of  the  pole  being  found,  the  height  of  the  e- 
quator  is  known:  for  one  of  thefe  is  the  complement  to  the  other  §  328,  fie  330. 

4T4  Aftronomers  give  us  tables  oj  declination  forfome  of  the  jlars,  which 
g  g  ga^  calculated  for  tome  particular  time,  becaufe  the  declination 
g  Ve  ilS  a^teis  a  bulc  every  year,  as  we  fhall  fee  hereafter;  we  have  in  fome 
ol  the  common  almanacks,  tables  of  the  declination  of  fome  of  the  principal 

rT;r  thecy.relltyear-.  thefe  are  very  ufeful  for  Mors,  that  they  may  find 
at  any  nine  ot  tne  night  in  what  latitude  they  are,  by  the  flats,  in  the  man¬ 
ner  juft  now  defcribed,  §  412:  in  fome  almanacks  the  funs  declination  is  fee 

wn  or  every  day  of  the  year;  that,  by  his  meridian  height,  the  latitude  may 

2  b  Connoifi'ance  des  temps,  aim .  1730.  be 
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they  take  the  greateft  heig  it  o  t .  e  nn  ^  what  diftance  we  pleafe, 

4  >  5  ^  ™Zd7  lme  7lY^^n7tbe  Royal  Obfervatory  at  Paris 
and  the  length  of  it  tneafu  .  teiefcop'^  fights  placed  vertically”  there- 

Wf  fou,J,  ■-"•“Ti' SL.'™  obf«„«d  through 
m,  the  north  and  foutl  P  ;llar  was  ereded;  then,  by  another  m- 

the  fights,  and  upon  the  north  point  a  pi  were  yiew_ 

ftrument  placed  horizontally feveral  diftant  objetts , «  obferyed: 

ed,  and  the  angles  the  vnual  lines  ma  e  h  ftuions,  other  ob_ 

then,  from  the  places  of  thofe  objeds,  as fT dn™  Jcur  krge  poles  or  trees 

jeds  were  obferved ;  andj gj°^ns  feVeral  triangle’s  were  formed  along 
were  fet  up  to  be  viewed,  y  .  i  naved  way  near  Paris, 

the  meridian:  in  order  to  * f  ^g^from  north  to  fouth,  was 

from  Villejmve  to  Juvt/y,  being  ftrait  and  y  g  Ae  length  of 

SLl°  5 

and  laid  down  at  the  end  o  t  ®  n!C  the’meafurer  who  laid  down  the  fecond 
greater  eafe  m  keeping  the  ac  ,  >•  i  ile  duck  jnto  the  ground  at 

pole  had  ten  little  Hakes  given  him  one  of  Lrked  8 

^OT^J,nand^whenaU  th^i o Hakes  were  A^rrHddle' ot 

round  number  of  5663  toifes  was  pi  P  jjne  OP>  and  the  calcu- 

5,  mental  bafe,  This  bafe  is  in  fig-5!>iePre  following  manner;  from  o 

?  lations  of  the  triangles  were  built  upon  t  n  * e  fo low  S  other  ^  p>  ^ 

one  end  of  the  bafe,  was  obferved  the  angle  cor  ^  and  AusaU 

angle  cop  was  obferved;  and  front  the  lfa  ,  S  known, 

the  angles  of  the  triangle  cpo  and  The 

the  lengths  of  the  remaining  1  es oca  d^  ^  triang,eoBC(  and  from  thence, 

SSi«otn™ug.l,  «f.h,8f,d,  .c  ihe  other  fide  o. 

a  $  408.  b  A  toife  is  fix  Paris  feet. 


bc.  Then 


I 


CHAP.  12. 


ASTRONOMY 

b  c.  Then,  all  the  angles  being  obferved,  and  the  fide  b  c  being  known  of  the  fig. 
triangle  abc,  which  may  be  called  the  firft  or  principal  triangle  of  the  meridian  5 1 
of  the  Obfervatory,  the  other  fides  ab  and  ac  were  found.  Then,  from  one  of 
the  ficies  now  known,  and  the  angles  obferved,  all  the  ddes  of  the  next  adjoyn- 
ing  triangle  cbe  were  found.  Thus  they  proceeded  from  one  triangle  to  ano¬ 
ther,  to  the  place  where  the  meridian  ended,  in  the  fouth  part  of  France;  and 
there  the  laft  triangle  was  terminated  by  a  bafe  of  the  length  of  7246  toi/es, 
which  was  actually  meafured,  in  order  to  verify  the  preceding  operations. 

416  Tne  meiidian  line  or  Paris  being  prolonged,  in  the  manner  juft  now 
delci  ibed,  tne  fituation  of  feveral  other  places  in  b  ranee  was  determined  by 
trigonometry;  and  an  accurate  map  of  the  country  drawn  ;  efpecially  ofthofe 
parts  which  lye  near  the  meridian  of  Paris:  we  have  this  map,  with  the  trian¬ 
gles  formed  along  the  meridian,  in  the  Suite  des  memoires  de  l’ Acad.  Royale  des 

Jciences ,  annee  1718:1  have,  in  lig.  52,  given  an  exad  copy  of  fo  much  of  it  as  I  r-» 
thought  neceffary  for  my  purpofe,  taken  from  the  Paris  edition:  in  the  book 
juft  now  cited  we  aie  told,  that  the  longitudes  of  IVIontpelier  and  fome  other 
places  in  France  were  found  to  be  the  fame,  by  agronomical  obfervations,  as 
the  trigonometrical  operations  had  determined  them  to  be:  this  fhewedat  once 
the  truth  of  thofe  trigonometrical  operations,  and  what  exadnefs  may  be  ex- 
peded  in  determining  the  longitude  of  places  by  thofe  agronomical  obfer¬ 
vations:  thofe  obfervations  were  of  emerfions  of  the  fatellits  of  Jupiter. 

417  There  was  one  method  of  making  obfervations  very  much  ufed  by  the 
ancients,  which  is  proper  to  be  now  mentioned;  and  that  was  by  the  length 
of  the  meridian  fhadows  caff  by  an  upright  pillar  of  a  known  height  upon  a 
level  pavement:  a  pillar  ereded  for  this  purpofe  was  called  a  gnomon*,  be- 
caufe  thereby  the  height  of  the  pole,  and  the  feafons  of  the  year,  may  be  known : 
the  center  of  the  bafe  of  the  pillar  may  be  called  the  center  oj  the  gnomon:  the 
greater  the  height  of  the  fun  is,  the  fhorter  is  the  fhadow  of  a  gnomon;  and 
converfeiy,  the  fhorter  the  fhadow  is,  the  greater  is  the  funs  height:  thus,  fig.  53 , 
let  the  gnomon  be  gn,  the  pavement  hr;  when  the  fun  is  at  a,  the  fhadow 
reaches  to  a>  when  the  fun  is  at  b,  the  fhadow  reaches  to  b ;  when  he  is  dill 
higher  at  c,  the  fhadow  reaches  only  to  c ;  in  obfervations  of  this  kind,  it  was 
ufual  to  let  down  what  proportion  the  length  of  the  fhadow  bore  to  the  height 
of  the  pillar ;  that  is,  the  height  of  the  pillar  being  divided  into  a  certain  num¬ 
ber  of  equal  parts,  to  fay  how  many  of  thofe  parts  the  length  of  the  fhadow, 
beginning  to  meafure  it  from  the  center  of  the  gnomon,  amounted  to,  at  the 
equinoxes  or  foldices :  the  mod  ancient  obfervation  of  this  kind,  that  we 
meet  with,  is  that  made  by  Pytheas ,  in  the  time  of  Alexander  the  Great,  at 

a  So /is  umbilicus  quern  gnomonem  vacant.  Plin.  N.  H,  1.  2.  c.  73. 
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afui,  in  the  >C  3  .  /-  the  pole  fo  the  Jha  dove  of  a  gnomon:  it  is  foffi- 

■  41  f  54  DU  pofc  to  find  the  meridian  height  of  the  fun;  for  that  being 
height  of  the  equator  is  found,  by  § 4 > and consequently  the  e  e- 
S  ’  ‘f .  !  °le  by  &  4 13  :  now  ««*/«.»  height  of  the  Jun  K  found  by  the 
V;U‘t?in  theP  foUoling  inner;  in  the  fifty  fourth  figure  let  the  gnomon 
54  Wc  let  the  fhadow  be  A  b  ;  and  let  cb  be  part  of  a  ray  drawn  from  the 
"  x  f  ti  rUD  paffins  by  the  top  of  the  gnomon  and  terminating  me  1  u 

dow  at  b  ■  thefe  three  lines  form  a  right-angled  triangle  B  a  c  ;  whereof  the 
dow  at  b  ,  tnele  le  number  of  feet,  inches  tfc  contained  in  each 

number  which  is  the  tangent  required:  this  fourth  number  found  m  the  table 
of  anJents  makes  known  the  angle  abc,  §  120:  and  this  angle  is  the  mea- 
fure  of  the  funs  meridian  height  at  the  time  of  the  oofervat.on:  winch  was 

the  thing  required  to  be  found.  , 

,IQ  The  following  example  will  ferve  to  illuftrate  this  propofition ;  Ph*j 
telh  us  that  at  Rome^t  the  equinoxes,  the  flradow  is  to  the  gnomon  as  8  to  9. 
ri  fiipnofe  then,  making  ufe  of  the  figure  laft  mentioned,  the  gnomon  ac  to  be 
no  feet,  and  the  fhadow  a  B  80  feet;  if  we  make  a  b  radius,  ac  wi  1  be  tan¬ 
gent  of  the  angle  a  b  c  :  we  may  fay  then  as  a B  of  80  feet,  is  to  the  vh 
fine  ,0000000;  fois  ac  of9o  feet,  to  a  fourth  number  :y»z.i  1250000 s tangent 
of  the  angle  abc:  the  angle  anfwering  to  thts  tangent  in  the  table,  §  1-0, 

48°  22' ;  this  is  therefore  the  height  of  the  equator  at  Rome,  and  the  elevatioi 

of  the  pole  there  is  41°  38' :  §  1 12,  1 13.  .  .  f  f 

Azo  Ricciolus*  takes  notice  of  thefe  defefls  in  the  obfervations  of  t. 
height  made  with  the  gnomon,  by  the  ancients,  and  fome  of  the  moderns;  , 
they  did  not  reckon  the  funs  parallax,  which  makes  his  apparent  altitude  10  e  s 
S  It  would  be,  if  the  gnomon  were  placed  at  the  center  of  the  earth,  as  w  11 
be  better  underftood  when  the  funs  parallax  comes  to  be  treated  of ,  2,  they 

Gaffendus  de  Pcireskii  ad  an,.  .636.  *  Ricciol.  ah.  1.  3.  C-  H-  »  Geogr.  reform.  I  7.  c.4-  Wj. 
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didnot  confider  refraction,  by  which  the  apparent  height  of  the  fun  is  a  little  fi 
increafed;  3,  they  made  their  calculations  from  the  length  of  the  lhadow,  as  if 
it  were  terminated  by  a  ray  coming  from  s,  the  center  of  the  funs  dilk,  fig.  55,  55 
fuch  as  is  expreft  by  the  pointed  line  sd;  whereas  the  Yhadow  is  in  reality  ter¬ 
minated  by  the  ray  mb,  coming  from  m,  the  upper  edge  of  the  funs  difk:  fo 
that,  inflead  of  the  height  of  the  center  of  the  fun,  their  calculations  gave  the 
height  of  the  upper  edge  of  his  difk:  the  errors  arifing  from  hence  are  fmall, 
and  of  no  confequence  in  fome  cafes,  but  in  order  to  find  the  height  of  the 
pole,  the  moment  of  the  folflices  or  equinoxes,  or  the  obliquity  of  the  eliptic, 
with  accuracy,  they  muff  be  corrected  in  the  following  manner:  to  the  altitude 
of  the  fun  found  by  the  gnomon,  add  the  funs  parallax  10",  and  take  from  it 
the  femidiameter  of  the  fun,  about  16 ,  and  the  refraCtion,  which  is  different 
at  different  altitudes  of  the  fun,  as  will  be  feen  in  the  table  of  refractions,  and 
you  have  the  luns  true  altitude:  thus,  in  order  to  correCt  the  obfervation  men¬ 
tioned  in  §  4 19  ;  to  the  meridian  height  of  the  fun  at  Rome,  found  by  the  gno¬ 
mon  at  the  equinox  to  be  48°  22',  add  the  funs  parallax  10",  which  makes 
48°  22  10";  from  this  fum  take  the  funs  apparent  femidiameter  io',  and  the 
refraCtion  1  57",  and  the  remainder  48°  4  13"  is  the  true  height  of  the  funs 
center,  and  confequently  the  true  height  of  the  equator  at  Rome,  the  com¬ 
plement  whereof  4 1°  550  47"  is  the  elevation  of  the  pole. 

42  1  There  are  alfo  other  kinds  of  gnomons,  which  {hew  the  height  of  the 
fun  by  letting  his  rays  fhine  through  a  hole  in  a  plate  of  metal,  fo  as  to  form 
his  picture  upon  a  level  pavement:  in  an  inflrument  of  this  fort,  the  center  of 
the  gnomon  is  the  point  in  the  pavement  which  is  exactly  under  the  center  of 
the  hole:  the  way  of  finding  the  meridian  height  of  the  fun  by  one  of  thefe 
gnomons  is  the  fame  as  by  the  other  firft  defcribed;  only,  in  dead  of  the  length 
of  the  {hadow  call  by  the  pillar,  we  here  meafure  the  diftance  of  the  funs  pi¬ 
cture  from  the  center  of  the  gnomon. 

422  Of  this  kind  was  the  gnomon  made  in  the  church  of  St.  Petronia  at  Bo¬ 
logna,  in  the  year  1 576,  by  Egnatio  Dante ;  the  nature  of  which  is  eafily  un- 
derftood,  by  fig.  56,  taken  out  of  Ricciolus ab  is  the  fouth  wall  of  the  church,  r6 
near  the  top  of  which  is  placed  a  brafs  plate  of  the  thicknefs  reprefen  ted  by 
the  letter  t;  the  bignefs  of  the  hole  in  the  plate  is  fhewn  by  the  circle  z; 
the  plate  was  let  inclined  in  the  wall  in  an  angle  of  about  450  C,  which  is  the 
height  of  the  equator  in  that  place;  the  height  of  the  hole  in  the  plate  from 
the  ground  is  near  66  Bologna  feet;  the  line  an  is  169  fuch  feet,  drawn  upon 
a  marble  pavement,  not  exaCtly  in  the  meridian,  but  as  near  it  as  the  pillars 
would  admit  of;  the  elliplis  c  fliews  the  place  of  the  funs  picture  upon  the 

a  Almageji.  now.  1.  2.  cap.  14. 
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IG  pavement,  at  the  fummer,  the ellipfis  ln,  at  the  winter  foliVice;  and  theellipfis 
s6  F  h  at  the  equinoxes:  when  the  diftance  of  the  funs  pifture  from  the  center 
of  the  gnomon  a  is  to  be  meafured,  we  mull  take  the  center  of  the  pidlure, 
which,  for  example,  at  the  equinoxes  is  the  point  a,  marked  by  the  ray  *  ay 

drawn  fromthe  center  of  the  fun.  .  , 

42^  Of  this  kind  alfo  was  the  gnomon  made  m  the  fame  church  ot  dt.  re- 

tronia  at  Bologna,  in  the  year  1645,  by  Domini co  Cqflini ;  who  placed  the  brafs 
plate  through  the  hole  of  which  the  rays  ot  the  fun  were  to  pais  in  the  root  ot 
the  church, °and  drew  a  meridian  line  120  teet  in  length  upon  the  pavement, 
the  thing  is  to  well  reprefented  in  the  reverie  of  a  medal  ftruck  upon  that  oc- 
calion,  that  I  thought  it  would  be  agreeable  to  the  reader  to  fee  an  exad  copy 
thereof*  I  have  therefore  taken  one  out  of  the  Giornaie  de  lettcrati ,  and  pre- 
fixt  it  as  an  head-piece  before  the  fir  ft  book  of  this  work:  a  larger  pidure  of 
it  may  be  feen  in  Wright  s  travels. 

424  Bianchini  and  Maraldi  did  in  the  fame  manner,  draw  a  meridian  line 
upon  the  pavement  of  the  great  hall  of  the  baths  of  Dioclejian,  now  the  chuich 
of  the  Carthufians ,  in  Rome:  an  account  of  this  is  given  by  Bianchtm  in  a 

treatife  entituled  Blanchinus  de  nummo  &  gnomone  Clementmo. 

42  5  A  gnomon  may  be  made,  and  a  meridian  line  drawn,  after  the  manner 

of  Caffini ,  by  the  following  method;  place  the  brafs  plate  with  a  hole  in  it  m 
the  fouth  end  of  the  roof  of  the  building;  by  a  thread  with  a  plummet  at  the 
end  of  it  let  down  through  the  center  of  the  hole,  find  the  point  in  the  pave¬ 
ment  which  is  exadly  under  it,  this  point  is  the  center  of  the  gnomon ;  from  this 
center,  draw  feveral  concentric  circles;  an  hour  or  two  before  and  after  noon, 
mark  the  points  where  the  northern,  as  alfo  where  the  iouthern  edge  of  the 
funs  pidure  touches  thefe  circles,  and  you  will  have  feveral  arcs;  a  line  drawn 
from  the  center  of  the  gnomon  through  the  middle  of  thefe  arcs  is  a  meri¬ 
dian  line:  the  reafon  of  this  operation  is  the  fame  as  of  that  deiciibed  §  4°5\ 
426  Thefe  meridian  lines  now  mentioned,  are  drawn  upon  long  plates  of 
brafs,  with  which  the  marble  pavement  is  inlaid;  there  are  alfo  drawn  there¬ 
on  lines  eroding  the  meridians  at  right  angles,  to  fhew  how  far  the  center  of 
the  funs  pidure  at  noon  reaches,  at  different  times  of  the  year:  when  the  funs 
pidure  at  noon  is  furthed  from  the  center  of  the  gnomon,  the  fun  is  then 
lowed,  §  417,  and  confcquently  he  is  that  day  in  his  greated  fouth  declina¬ 
tion,  and  it  is  then  our  winter  fold  ice;  when  the  funs  pidure  at  noon  is  near¬ 
ed  to  the  center  of  the  gnomon,  the  fun  is  highed,  and  confequentiy  he  is  then 
inh  is  greated  north  declination,  and  it  is  our  fummer  foldice. 

427  It  is  obvious  that  the  lei's  the  funs  altitude  is,  the  further  from  the  center 
will  the  place  of  his  pidure  be;  for  the  fame  reafon  as  the  fhadow  of  an  up¬ 
right  piliar  is  longer,  the  higher  the  fu.i  is:  as  was  fhewn  §  4 1 7*  4 2 8  ‘A? 
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428  To  find  the  time  of  the  folfi  ice ;  obferve  the  diftance  of  the  funs  picture 
at  noon  from  the  center  of  the  gnomon,  the  day  before,  and  the  day  after  the 
folftitial  day;  if  thefe  diftances  are  exadtly  equal,  the  meridian  heights  of  the 
fun  are  for  thofe  two  days  exactly  equal,  and  then  the  time  of  the  funs  being 
in  the  folftitial  point  is  exactly  at  noon:  if  the  diftance  of  the  funs  pidture  from 
the  center  of  the  gnomon  be  greater  the  day  before  the  folftice  than  it'  is  the 
day  after,  the  time  of  the  folftice  is  before  noon ;  if  on  the  contrary,  the  time 
of  the  folftice  is  after  noon. 

It  is  exceedingly  difficult  by  this  method,  to  find  the  moment  of  the  folfti- 
ces  within  fome  hours;  for  at  thofe  times  the  funs  declination,  and  confequent- 
ly  his  meridian  height,  alters  not  above  1 5"  in  a  natural  day;  and  therefore  an 
error  of  more  than  1 5"  in  the  obfervation  of  the  funs  meridian  height,  will  oc- 
cafion  an  error  of  a  whole  day  in  fixing  the  time  of  the  folftice ;  an  error  of 
more  than  half  15",  will  caufe  an  error  of  half  a  day;  and  l'o  on  in  this  pro¬ 
portion.  V .  Ricciol.  aim.  1.  3.  c.  14.  in  Gregory's,  aftronomy  1.  3- prop.  11.  we 
have  a  more  accurate  method  of  finding  the  folftices  communicated  by  Dr. 
Halley  in  the  Philof.  tranfadtions  of  the  year  1693. 

429  Po  find  the  time  of  the  equinox ;  on  the  day  of  the  equinox,  find  by  a 
gnomon  the  meridian  height  of  the  fun,  and  the  height  of  the  equator,  by  §  419; 
if  thefe  be  equal,  the  equinox  is  exadtly  at  noon;  if  the  height  of  the  fun  be  dif¬ 
ferent  from  that  of  the  equator,  then,  as  many  minutes  as  the  fun  is  higher  than 
the  equator,  fo  many  hours  is  the  moment  of  the  equinox  before  noon ;  as  many 
minutes  as  the  fun  is  lower  than  the  equator,  fo  many  hours  is  the  equinox  af¬ 
ter  noon:  the  reafon  of  this  computation  is  this;  at  the  equinoxes  the  decli¬ 
nation  of  the  fun  alters  at  the  rate  of  24  in  a  natural  day,  which  is  1  in  an 
hour.  From  thefe  two  laft  fedtions  it  appears,  that  the  equinoxes  are  much 
more  eafily  obferved  than  the  folftices. 

430  It  is  not  improbable  that  fome  of  thofe  many  obelifksa  eredted  in 
anc^  dedicated  to  the  fun,  were  made  ufe  of  as  gnomons;  as  we  are  in¬ 
formed  by  Pliny  b  one  of  them  was,  at  Rome,  which  Auguftus  brought  thither 
and  fet  up  in  the  Campus  Martins:  the  height  of  this  obelifk  was  116  feet, 
it  had  a  round  ball  placed  on  the  top  of  it,  that  the  end  of  the  lhadow  might 
be  feen  more  diftindtly,  and  the  ftone  pavement  upon  which  the  lhadow  fell 
was  inlaid  with  brafs  rulers,  which,  by  marking  the  different  lengths  of  the 
meridian  ffiadow,  lliewed  the  lengthning  and  fhortning  of  the  days.  It  is  hard¬ 
ly  worth  mentioning  in  this  place,  that  the  Spaniards,  at  their  conqueft  of 
Peru,  found  pillars  of  curious  and  coftly  workmanlhip  fet  up  in  feveral  places, 

a  Vid.  Bargaei  cowmen  tar.  de  obdifco ,  ap.  Graev.  T  be/  R.  ant.  Tom.  4. 
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by  the  meridian  fhadows  whereof  their  Amautas  or  philofophers  had,  by  long 
experience  and  repeated  obfervations,  learned  to  determine  the  time  of  the  e- 
quinoxes:  thofe  feafons  of  the  year  were  celebrated  by  them  with  great  feftivity 
and  rejoycing,  in  honour  of  the  fun,  whom  they  fancied  at  thofe  times  to  lit, 
in  all  his  glory,  upon  his  throne  which  they  erected  for  him:  and  therefore  on 
thofe  days  they  prelented  him  with  rich  offerings  of  gold,  filver,  jewels  and 
other  valuable  things,  adorning  his  throne,  as  they  did  alio  the  pillars,  with 
fragrant  herbs  and  flowers.  a 


CHAP.  13-  OF  THE  MEASURES  OF  LENGTH  OF  DIVERS  NATIONS. 

43  !  Before  the  dimenfion  of  the  earth  be  attempted,  it  will  be  proper  to 
afeertain  the  length  of  thofe  meafures,  by  which  the  magnitude  thereof  is  to 
be  expreif :  and  firft  we  will  confider  the  leffer  meafures  of  length,  by  which 
the  greater  are  ufually  eftimated ;  the  leffer  meafures  of  length  have  been  fome- 
times  taken  from  the  dimenfions  of  the  parts  of  an  human  body,  as  the  foot, 
the  cubit,  the  palm,  ^5  here,  if  we  take  a  man  well  proportioned  and  of  a 
middle  ffature,  afoot  is  the  diffance  between  the  heel  and  the  tip  of  the  great 
toe;  a  cubit  is  the  diffance  between  the  elbow  and  the  end  of  the  middle  finger; 
a  palm  is  the  breadth  of  the  hand,  or  four  fingers;  and  an  inch  is  the  bieadth 
of  the  thumb;  twelve  of  which  are  equal  to  the  length  of  the  foot:  fometimes 
thefe  meafures  are  taken  from  other  things,  as  the  thickneis  of  a  middle  fized 
corn  of  barley  or  wheat,  and  for  a  meafure  ftiil  fmaller  the  thicknefs  of  a  hail 
taken  out  of  an  horfes  or  a  camels  tails b  but  in  all  thefe  meafures  there  is  an 
uncertainty,  arifing  from  the  difference  in  the  proportions  and  ffatures  of  men, 
and  in  the  bignefs  of  the  grains  of  corn,  &c;  and  therefore,  in  moft  civilized 
nations,  it  is  uiiial  to  keep  in  fomepublick  place  authorized  ffandards  of  thofe 
pieafures  which  are  moft  in  ufe,  that  recourfe  may  be  had  thereto. 

432  RicciolusQ  propofes  the  following  method  to  find  the  length  of  the  an¬ 
cient  Roman  foot;  there  was  kept  in  the  Capitol,  for  a  ffandard,  a  meafure  of 
a  cubic  form,  called  from  its  fhape  qua  dr  ant  a  l ,  or  amphora  ;  the  dimenfion  of 
the  infide  of  this  veffel  was  a  foot  every  way;  and  it  contained  80  pounds  of 
wine  or  water d:  the  ancient  pound  contained  12  ounces,  and  the  ounce  S 
drachms  e:  the  weight  of  the  ancient  Roman  filver  coin  called  denarius  was  a 
drachm1  :  feveral  of  thefe  pieces  ftiil  entire  and  not  lenfibly  diminifhed  by 


a  Garcilajfo  de  la  Vega  Royal  hiftory  of  Peru,  1.  2.  c-  22. 
b  Sic  A r abet.  <v.  Ricciol.  c  Geogr.  reform.  1.  2.  c.  1.  t 


e  JJncia  fit  drachmis  bis  quatuor 


d  Feftus  in  voce  quadrant til,  Rhemnius 


is  bis  quatuor  - Rhemnius  Fannius, 

f  Drachma  Attica  denarii  argen- 


time, 
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time,  were  very  carefully  weighed,  and  found  to  weigh  at  the  rate  of  S  to  a 
modern  Roman  ounce  a;  from  whence  it  may  be  concluded  that  the  Roman 
ounce  and  pound  are  the  fame  now  as  they  were  anciently:  and  confequently 
if  a  cubic  veffel  be  made  containing  80  modern  Roman  pounds  of  clean  rain 
water,  a  fide  thereof  will  give  us  the  length  of  the  ancient  Roman  foot. 

433  T ^le  Congius  was  the  eighth  part  of  the  amphora ,  and  contained  10 
pounds  of  wine  or  water  b  ;  a  fide  of  a  veffel  of  this  capacity  of  a  cubic  form 
would  fliew  the  length  of  half  the  Roman  foot.  V illalpandus c  has  given  us  a 
print  of  a  brafs  congius  in  the  Farnefe  collection,  whole  fhape  was  luch,  that 
the  dimenfions  of  the  feveral  parts  of  it  fhewed  the  length  of  the  Roman  inch, 
half  foot,  and  foot;  it  being  fo  contrived,  as  he  thinks,  on  purpofe  that  it  might 
ferve  for  a  ftandard  of  thofe  feveral  meafures  in  length,  as  well  as  for  a  mea- 
fure  of  capacity:  particularly  the  thicknefs  of  the  upper  riin  or  lip  ofthisveR 
lei  was  an  inch,  and  depth  of  it  exactly  a  foot:  the  infcription  upon  it  fhcws 
it  to  have  been  made  in  the  time  of  V  j'pafian ,  according  to  the  ftandard  in  the 
Capitol,  and  that  it  contained  10  pounds  weight:  the  Roman  foot  taken  from 
this  is  therefore  called  the  foot  of  V efpafian ,  to  didinguifh  it  from  other  Ro¬ 
man  feet  which  are  next  to  be  defcribed. 

434  d  hefe  is  at  Rome  an  ancient  fepulchral  monument  of  Cojfutius ,  upon 
which  a  foot-rule,  pair  of  compares,  fquare,  and  mallet  are  cut  in  relievo:  of 
this  ftone,  which  was  formerly  in  the  garden  of  Angelo  Coloti  a  learned  anti¬ 
quary,  from  whence  fome  writers  call  the  foot  taken  from  thence  the  Colot ian 
foot,  we  have  a  print  in  Lucas  Pcetus d,  it  is  the  opinion  of  this  author,  that  the 
rule,  as  well  as  the  red  of  the  tools,  was  placed  there  to  fhew  of  what  trade  Coj¬ 
futius  was,  but  that  the  length  of  it  may  be  drawn  at  random,  there  being  no 
reafon  for  the  workman  to  be  exadt  about  it;  and  that  the  Roman  foot  might 
better  be  taken  from  ancient  brafs  rules,  of  which  he  had  three  exactly  of  the 
fame  length,  marked  with  fuch  divilions  as  agreed  with  the  number  of  equal 
parts  into  which  the  Roman  foot  is  by  ancient  writers  faid  to  be  divided:  though 
he  meafured  fome  other  ancient  brafs  rules  which  were  of  a  different  length* 
There  is  in  the  Vatican  gardens  another  like  monument  of  Statilius,  having  a 
foot  with  its  divifions  cut  upon  it,  which  are  not  upon  the  foot  of  Cojfutius : 

u  Bp  Hooper  in  his  enquiry  into  the  ancient  meafures  obferves,  that  under  the  Confuls  the  weight  of  the 
denarius  was  at  the  rate  of  7  to  an  ounce;  that  under  the  ftrft  Emperours  it  was  diminifht  fo  as  to  weigh 
but  tne  eighth  part  of  an  ounce ;  and  that  afterwards  under  the  Gordians  and  the  following  Emperours  it 
rofe  to  its  firil  weight. 

b  Uti  qnadrantal  mini  oUoginta  pondojiet.  Congius  mini  decern  pondo  is  fiet.  Fragment,  ceteris  plebifciti  a~ 
pud  Fellum,  moc.  pondera  public  a. 

c  Tom.  3  .  apparat.  urbis  &  templi  Hierofolym.  1.  3.  c.  25. 
d  De  menjur.  &  ponder.  Rom.  &  Gr&c.  ap ■  Graev.  Tbef  Rom.  ant-  Tom.  2, 
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a  quadrantal  made  by  this  foot  of  Statilius  was  found  to  hold  So  Roman 
pounds  of  water;  Greaves a  denies  this  experiment  to  have  been  ma  e  wit 
accuracy,  this  author  who  feems  to  have  furpaffed  all  that  went  before  him  in 
exaftnefs,  (hews  there  is  a  difference  between  the  foot  of  Cojjutius  and  that  o 
Statilius,  whereas  other  writers  had  carelefly  affirmed  them  to  be  both  exaft  y 
of  a  length:  and  he  gives  the  following  reafons  why  he  takes  that  of  Cojjutius 
to  be  the  ancient  Roman  foot ;  I ,  the  length  of  it  is  the  lame  as  that  of  feveral 
ancient  brafs  rules,  which  he  carefully  meafured;  2,  he  found  almoft  all  the 
ftones  of  white  marble  in  the  pavement  of  the  Pantheon  to  be  exaftly  three 
Coffutian  feet  fquare.and  the  leffer  ones  of  Porphyry  one  and  a  half  fquare  of 
the  fame  foot:  3,  the  dimenfions  of  many  of  the  ftones  in  the  foundation  of 
the  Capitol,  and  the  arcs  of  Titus  and  Sevens  were  fuch,  as  made  it  probable 
they  were  cut  out  by  this  meafure;  4,  from  the  neatnefs  of  the  fculpture  he 
thinks  it  not  likely  the  carver  would  cut  the  rule  too  ffiort  or  too  long,  when 
he  might  as  eafily  give  it  the  true  length  of  a  foot :  5,  having  made  a  quadran- 
tal  by  this  foot  he  meafured  the  capacity  of  it,  and  found  it  contained  exactly 
7  and  a  half  of  the  Farnefe  congius:  and  whereas  it  ought  to  have  held  juft  8 
congii,  according  to  what'is  faid  of  the  amphora  by  Fejlus  and  Rhemmus  Fan¬ 
nins,  his  opinion  is,  that  when  thofe  authors  affirm  that  the  length  of  every 
one  of  the  fides  of  the  amphora  was  equal  to  the  Roman  toot,  they  write  what 
was  vulgarly  believed  upon  tradition ;  not  that  they  were  precifely  equal,  but 
that  they  came  the  neareft  to  it  of  any  known  meafure:  m  like  manner  he  ob- 
ferves,  both  Greek  and  Roman  writers  fpeak  of  the  Roman  denanus  and  Gre- 
cian  drachma  as  of  the  fame  value;  whereas  they  were  not  exactly  fo,  but  only 
by  common  edimation,  fo  that  one  palled  for  the  other,  not  being  much  dif¬ 
ferent  in  weight  and  value. 

2^  c  The  learned  Bp  Hooper  in  his  enquiry  into  the  date  of  the  ancient 
meafures  P  I  <3,  and  166,  fhews  that  the  cubical  relation  of  th <t  amphora  to  a 
foot  and' of  the  congius  to  the  half  foot,  was  very  probably  accidental  only, 
and 'not  primarily  defigned;  and  that  it  could  not  be  defigned  by  the  decern- 
miri  fince  the  doubling  the  cube  was  afterward  in  Plato  s  time  a  problem  not 
well  underdood  by  the  Greeks  themfelves:  and  indeed  by  the  plebijcitum  it 
appears,  that  the  capacity  of  the  amphora  was  to  be  regulated  by  the  weig  it 
of  the  water  it  was  to  contain,  rather  than  by  the  dimenfion  of  its  u  ts. 

.416  The  length  of  the  Roman  foot  being  once  found,  their  other  mea¬ 
fures  are  eafily  known,  by  variety  of  paffages  in  ancient  writers,  which  tell  us 
what  proportion  there  was  between  thole  meafures  and  the  foot:  as  when  one 


a  In  his  difeourfe  of  the  Roman  foot  and  denarius. 


tells 
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tells  us  that  the  palm  was  the  fourth  part  of  a  foot;  another,  that  the  pace  was 
live  feet;  a  third,  tnat  tne  fladium  was  625  feet;  &c. 

,43  7  The  mile  was  a  Roman  meafure  containing  a  thoufand  paces  from 
whence  it  had  its  name-  tne  pace  being  five  feet,  the  Roman  mile  was  coco 
Roman  feet.  1  here  was  a  gilded  pillar  eroded  in  the  forum  by  Auguftus,  which 
from  its  life  was  called  millarium  aureum  b;  it  had  inforiptions  upon  it  foew¬ 
ing  the  diftances  from  thence  of  the  principal  cities  and  towns  in  Italy;  and 
in  t  le  great  roads  there  was  a  ftone  fee  up  at  the  end  of  every  mile,  upon  which 
was  maiked  the  number  of  miles  it  was  diftant  from  the  milliarium:  from 
hence  come  thofe  expreffions,  fo  common  amongft  Latin  writers,  ad primum, 
lecundum,&claptdem,  to  fignify  the  diftance  of  fo  many  miles;  as  when  Livy 
n  5>  ,ayS  *e  Ro“an*  met  the  Gauls  ad  undecimum  lapidem ,  eleven  miles  from 

1  f  le  ?U  e’  th°Ugh  onSlna%  a  Roman  meafure,  is  often  made  ul'e  of 

by  inch  Greek  writers  as  were  acquainted  with  the  Roman  affairs:  it  is  foil 

m  uie  amongft  leveral  nations  of  Europe,  but  in  different  places  is  of  a  diffe- 
rent  length.  r 

438  CaffinA  attempted  to  find  the  length  of  the  ancient  Roman  mile  and 
of  the  foot  wbteh  meafured  it  by  the  following  method;  the  diftance  bet  veen 
Narbonne  and  N.mes  ,s  faid  by  Strabo,  1.  to,  to  be  88  miles;  this  diftance 
when  the  meridian  of  Pans  was  prolonged,  in  the  manner  deferibed  8  4  , 
was  meafured  trigonometrically,  and  found  to  be  67500  toifes;  if  this  number 
be  tvided  by  88,  the  quotient  will  be  767,  the  number  of  toifes  in  a  mile; 
am  1  t  is  aft  number  be  multiplyed  by  6,  the  produd  will  be  4602  we  may 
caft  away  the  odd  2  feet  as  of  little  conference  in  fo  large  a  number,  and  take 
the  round  number  4600  for  the  number  of  Paris  feet  in  a  Roman  mile  of 
5000  Roman  feet:  the  Paris  foot  then  is  to  the  Roman,  as  a.6  to  ro  or  as%  , 
to  25;  this  is  the  fame  proportion  as  there  is  between  the  Paris  and  the  mo- 
dern  Roman  foot,  and  confequently  the  Roman  foot  is  the  fame  now  as  it  was 

439  That  this  is  the  true  proportion  between  thefe  ancient  and  modern 
meafures  is  thus  confirmed  by  the  fame  author,  by  another  inftance:  the  di¬ 
ftance  between  Bologna  and  Modena  is  fet  down  in  tire  itinerary  of  Antoni nud 
and  in  the  cables  published  by  Pcutmger,  25  miles;  this  diftance  alfo  has  been 
meafured  trigonometrically, and  found  to  be  19  r43  toifes;  this  number  divided 


b  Dio  T'o  pi  fT  ”‘Ulimf,  a"d  "'/Mm,  but  more  frequently  mill,  fa/Tut 
b  Dio.  1.  54.  Pltitatcn.  m  (jalba,  <v.  Panciroll.  Iff  Domr  A-r-  '  l  r  1 

W  3.  Setting  up  of  mile-tones  in  the  Roman  roadsw's^onn’lV’  T  Gr3eV'  ^ 

tarch.  m  Gracchi,.  “  “  101)S  “core  begun  by  C.  Gracchus.  Plq- 

c  Suite  d„  memoires  etc  rjeactemi,  Royal,  Jn am.  ,-l8>  tJ 

d  D.  «, near,,,  assists  6r  nentshu,  os.  Rieciol.  Gcogr.  reform.  1  3  °  3 
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by  2c  makes  the  mile  of  766  toifes,  but  one  toife  lefs  than  it  was  found  to  be 
in  the  preceding  (eft ion,  thus  die  Roman  mile  and  the  foot  which  meafured  it 

feem  to  be  pretty  well  afeertained.  ...  .  .  1  r 

44o  The  fiadium  is  a  meafure  of  greek  original,  being  the  length  of  the 

race-ground  at  Pifa  in  Elis,  where  theOlympic  games  were  celebrated;  it  was 
marked  out  by  Hercules ,  6co  feet  long,  meafuring  it  by  the  length  ol  his  own 
foot  •  and  his  feature  being  above  the  common  fize,  his  foot  was  proportional¬ 
ly  longer  than  that  in  common  ufe:  Columella a  and  Phnyb  exprefly  fay,  that 
a  fiadium  was  62 5  Roman  feet,  this  number  is  the  eighth  part  of  5000,  ana 
accordingly  8  fladia  are  reckoned  to  a  mile :  the  Olympic  fiadium  ol  600  Her¬ 
culean  feet  is  commonly  to  be  underflood  when  nothing  is  faid  to  the  con¬ 
trary  in  fome  parts  of  Greece  th eft  odium  was  (hotter,  confiding  of  600  com¬ 
mon  feet  of  a  lefs  dimenfion  than  thofe  of  Hercules c:  this  may  occafion  fome 
uncertainty  in  fome  paffages  of  ancient  authors,  where  they  meafure  didances 
by  the  fiadium ,  becaufe  it  does  not  always  appear  which  fiadium  is  meant. 

44iJ  There  is  great  diverfity  in  the  modern  mile,  in  different  places:  the 
prefent  Roman  mile  contains,  according  to  Ricciolus^  984  paces,  which  is 
but  16  paces  lefs  than  the  ancient  Roman  mile,  of  1000  paces:  in  other  parts 
of  Italy  the  miles  are  of  different  lengths:  the  mile  of  Ancona,  according  to 
the  fame  author,  contains  1375  Roman  paces,  the  mile  of  Bologna,  12663, 
the  mile  of  Florence,  1270;  that  of  Ferrara  but  898;  &c. 

.  1 2  The  EnHidi  mile  is  very  uncertain,  if  we  meafure  the  didances  or 
plates  by  vulgar  edimation  of  the  number  of  miles,  for  then  the  mile  is  ufually 
lono-er,  the  further  from  London:  the  Englida  meafured  or  datute  mile  is  5280 
Englifh  feet,  or  1056  Englifh  paces,  each  pace  being  five  feet.e 

a  a  *  The  French  reckon  didances  by  leagues,  which  are  very  different  in 
different  parts  of  France ,  Coffins*  reduces  them  to  three  forts,  1 ,  the  league  near 
Paris,  of  2000  toifes ,  2,  the  common  league,  of  2282  toijes-,  3,  the  league  near 

the  coad  of  2853  toifes.  . 

444  The  ancient  Grecian  foot  is  generally  fuppofed  to  be  in  proportion 

to  the  ancient  Roman  as  25  to  24,  that  is  to  exceed  it  half  a  Roman  inch: 
thus  we  are  told  by  Greaves  in  his  differtation  of  the  Roman  foot  p.  40,  and  Hr- 
buthnot  in  his  tables  of  ancient  coins,  weights  and  meafures 5  but  this  I  think 
is  true  of  the  Olympic  or  Herculean  foot:  for  from  what  Gellius  fays  1.  2.  c.  1. 
it  appears  that  the  common  Grecian  foot  was  lefs  than  this.  Philander  in  his 
comment  on  Vitruvius  mentions  a  porphyry  pillar  in  Rome;  upon  which  there 

a  j  ib  r  c  t  b  Lib-  2.  c.  28.  c  Gellius  lib.  2.  cap.  1.  Cenforinus  de  die  natali  c.n  tit.  ult. 

R icciolus,  obferves  upon  this  occafion,  that  if  the  foot  of  Hercules  was  exactly  a  fixth  part  of  his  height, 
he  was  fix  Roman  feet  and  3  inches  high.  Geogr.  reform.  1.  2.  c.  4.  eogr-  reforma  .  2.  c 

e  Coke  4  i  fit.  chap.  61.  f  Suite  des  tnemoires  de  f  Acad.  Rotate  annee  1 7 1 8 .  p.  247. 
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was  an  inscription  in  greek  letters,  fignifying  die  length  of  it  to  be  o  feet,  he 
lays  that  he  meafured  it,  and  that  the  foot  there  made  ufe  of  exceeded  the  Ro¬ 
man  but  the  9th  part  of  an  inch:  this  pillar  is  alfo  mentioned  by  other  authors, 
but  was  not  to  be  found  when  Greaves  was  at  Rome,  nor  feveral  years  before" 
Ricciolus  takes  the  common  greek  foot  to  be  the  fame  with  the  Roman  one 
deduced  by  Villalpandus  from  the  congius  of  Vefpajian . 

445  CaJJint  gives  us  the  following  proportions  between  the  modern  foot  of 
different  parts  of  Europe,  in  the  Suite  dcs  memoir  es  de  V  Acad,  Roy  ale,  annee 
1718,  p.250.  If  the  Paris  foot  be  divided  into  12  inches,  every  inch  into  12 
lines,  and  every  line  into  10  equal  parts,  the  whole  foot  will  be  divided  into 
1440  equal  parts,  of  which  parts  the  Bologna  foot  contains  1682;  the  Rhin- 
and  or  Leyden  foot,  1390;  the  Englifh  foot,  1350;  the  Roman  foot,  1306. 

The  toije  is  a  meafure  which  contains  fix  Paris  feet:  as  our  fathom  is  fix 
Englifh  feet,  and  the  Grecian  opyijx  was  fix  Grecian  feet. 

„  4-f  ,6  r?TVer  C0™Pared  the  Englifh  foot,  taken  from  the  iron  ftandard  at 
ui  -Hall  in. London,  with  the  ltandards  of  divers  nations:  he  gives  us  a  table 

of  them  rn  his  diftertation  of  the  Roman  foot,  out  of  which  I  feleded  the 
following  particulars. 

Of  filch  pai  ts  as  the  Englifh  foot  contains 

The  Roman  foot,  or  that  on  the  monument  of  Cojfut iut  in  Rome,  which 
Gj  eaves*  found  to  be  of  the  fame  length  with  the  ftandard  of  the  prefent  R^- 
man  foot  cut  upon  a  ftone  in  the  Capitol,  under  the  direction  of  Lucas  Pectus 

rnnfamc 


967 

972 

986 

IO07 

1068 

I033 

I25° 


contains 

The  foot  on  the  monument  of  Statilius 

The  foot  of  Villalpandus  deduced  from  the  Congius  of  Vefbafian 
The  Greek  foot  0  1  J 

The  Paris  foot 

The  Rhinland  or  Leyden  foot  ufed  by  Snellius 
Add  to  thefe  out  of  Arbutbnot’ s  tables  the  Bologna  foot 
Larger  tables  of  the  ancient  and  modern  meafures  of  divers  nations  may 
be  leen  in  Ricciolus  Geogr.  reformat,  lib.  3.  c.  4:  Greaves  &  Cafjini ,  he.  chat  : 
Arbutbnot  s  tables:  and  in  the  authors  quoted  by  thofe  writers.' 

447  The  proportion  between  thefe  feveral  feet  being  thus  known,  if  any 
ciftance  be  exprefUn  one  of  thefe  meafures,  it  is  eafy  to  know  what  it  is  in  any 
other  of  thele  meafures,  by  the  golden  rule:  thus,  Englilh  feet  may  be  reduced  to 

448  .It  is  a  common  experiment,  known  to  every  body,  that  if  a  pendulum 
be  put  into  motion,  it  will  fwing  fafter  or  flower  according  as  the  thread  or 

a  Differ!,  of  the  Roman  foot.  v.  ctiam  Fabrettttm  d,  atuis  &  ^ueduS.  divert.  2.  af.  Gra~v  J.  ■ 
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wire  of  it  is  fhorter  or  longer:  a  pendulum  which  meafures  three  Paris  feet 
8  lines  and  a  half  from  the  center  of  ofcillation ,  or  upper  end  of  the  wire  where 
its  fwing  begins,  to  the  center  of  the  ball,  will  perform  one  fwing  in  a  fecond 
of  time:  this  then  is  an  un  her  fa  l  meajure ,  whofe  length  we  fhall  have,  if  we 
make  a  pendulum  that  will  perform  60  fwings  in  a  minute,  or  3600  in  an 
hour:  it  has  indeed  been  difcovered,by  the  fame  clock  going  flower  the  nearer  it 
was  to  the  equator,  that  a  pendulum  kept  of  the  fame  length  will  fwing  flower, 
the  nearer  it  is  to  the  equator,  and  fafler  the  nearer  it  is  to  either  of  the  poles:  . 
and  confequently,  that  it  we  would  have  a  pendulum  fwing  feconds,  it  muft 
be  made  fhorter,  the  nearer  we  are  tq  the  equator ;  this  difference  of  length, 
arifinp'  from  the  difference  of  latitude,  is  however  lo  inconfiderable,  that  a  pen¬ 
dulum  which  fwings  feconds  may  ferve  very  well  for  an  univerfal  meafure, 

for  the  greateA  part  of  Europe. a 

449  Such  an  univerfal  meafure  as  has  now  been  defcrioed,  would  feive  to 
fhew  what  proportion  there  is  between  the  different  meafures  of  different  na¬ 
tions,  as  well  as  if  the  original  Aandards  were  compared  with  one  another:  it 
would  likewife  fo  afcertain  thofe  Aandards,  that  it  would  eafily  be  difcovered 
if  in  time  to  come  any  change  fhould  be  made  in  them. 

430  It  would  indeed  be  very  well  if  all  meafures  of  length  ere  taken  from 
the’ univerfal  meafure:  thus  the  length  of  a  pendulum  which  fwings  feconds 
might  be  called  the  univerfal  yard:  a  third  part  of  this  might  be  the  univerfal 
foot:  five  fuch  feet  the  univerfal  pace:  6  fuch  feet  the  univerfal  toifie  or  fathom: 
1000  univerfal  paces  mignt  be  the  univerfal  mile. 


CHAP.  14.  THE  DIMENSIONS  OF  THE  EARTH. 

45 1  It  has  already  been  proved  that  the  earth  is  roundb;  we  are  now  to  fhew 
how  the  magnitude  of  this  globe  of  the  earth,  its  circumference,  diameter, 
fuperficial,  and  folid  content,  maybe  found  in  miles,  yards,  feet,  or  any  other 
known  meafure. 

432  ‘To  find  the  meafure  of  a  great  circle  upon  the  earth:  draw  a  meridian 
line  at  any  place  which  you  make  choice  of  lor  your  firfi  fiation<q  and  take 
the  height  of  the  pole  thered;  prolong  the  meridian  line1',  either  northwards, 
till  you  come  to  a  place  where  the  pole  is  elevated  one  degree  more,  or  fouth- 
wards,  till  the  height  ol  the  pole  is  one  degree  lets  than  at  the  fir  A  Aation^ 
find  the  difiance  between  thefe  two  places  in  miles,  yards,  feet,  01  any  other 
known  meafure^;  and  you  have  then  the  number  ol  miles,  yards,  cs  r,  contain- 

a  Picard  mefure  de  la  terre.  b  §  273.  c  By  §  405.  d  By  §  410,  41 1,  412.  e  &  f  By  §  415. 
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ed  in  one  degiee,  01  the  360^  part  of  a  great  circle  upon  the  earth;  this  num¬ 
ber  multiplyed  by  360  gives  the  whole  circumference  of  a  great  circle  upon 
the  earth,  in  the  fame  meafure,  and  fliews  the  number  of  miles,  yards,  feet,  &c> 
contained  therein. 

Scholium ,  If  the  meridian  oe  further  prolonged,  fo  that  there  is  a  diffe¬ 
rence  of  feveial  degrees  between  the  heights  of  the  pole  in  the  two  places, 
which  are  made  choice  of  for  the  firfl  and  laid  Rations,  the  errors  to  which 
the  obfervations  of  thofe  heights  of  the  pole  may  be  liable,  will  then  be  divided 
amongfc  all  thole  degiees;  and  will  therefore  be  of  lefs  confequence,  than  when 
they  are  placed  to  the  account  of  one  degree  only;  with  this  view,  the  meri¬ 
dian  of  Paris  was  fo  far  prolonged,  that  there  was  the  difference  of  about  8°*. 
between  the  elevations  of  the  pole,  at  the  two  extremities  thereof;  for  at  the 
north  end  of  it,  in  the  parallel  of  Dunkirk,  and  near  that  place,  the  height  of 
the  pole  was  50°  51';  and  at  the  fouth  end,  at  Collioure,  near  Roufilloh,  it 
was  but  420  2 o' :  the  difference  meafured  upon  the  meridian  is  8°  3  1  1 1" 

the  difdance  between  the  parallels  of  Collioure  and  Dunkirk  meafured  by  tri¬ 
gonometry,  in  the  manner  above  defcribeda,  was  found,  all  proper  allowances 
being  made,  to  be  486 1 56  toifes-,  this  number  divided  by  8°  3  1  1 1  £  will  give 
57061  toifes  to  a  degree;  infiead  of  this,  Cajjini  thought  proper  to  take  Pi¬ 
card  s  meafure  of  57060  to  a  degree,  being  a  round  number,  and  very  little 
different  from  his  own;  the  earth  is  here  fuppofed  to  be  exadly  fpherical,  fo 
that  all  the  degrees  meafured  in  a  great  circle  thereof  are  equal. b 

453  Since  there  are  57060  toifes  in  a  degree,  if  this  number  be  multiplyed 
by  360,  the  product  20541600  will  be  the  number  of  toifes  contained  in  a 
great  circle  upon  the  earth. 

454  The  circumference  of  a  circle  being  given,  its  diameter  may  be  found, 
by  §  68;  thus,  from  the  circumference  of  a  great  circle  upon  the  earth  in  the 
preceding  fedion,  the  diameter  of  the  earth  is  found  to  be  6538594  toifes  \  the 
femidiameter  then  is  3269297  toifes:  thefe  meafures  are  given  us  by  Cajjini , 
in  the  Suite  des  memoir es  de  1  Acad.  R.  ann.  1718.  pag.  247  edit.  Par.  and  are 
the  fame  as  were  before  given  by  Picard ,  in  his  me  fur e  de  la  terre ;  art.  1 1. 

455  There  being  fix  Paris  feet  in  a  toife ,  if  the  foregoing  numbers  be  mul¬ 
tiplyed  by  6,  we  fhall  have  the  following  dimenfions  of  the  earth  in  Paris  feet: 


Paris  feet. 


One  degree  of  a  great  circle  upon  the  earth  is 
The  circumference  of  a  great  circle  upon  the  earth  is 
The  diameter  of  the  earth  is 
The  femidiameter  of  the  earth  is 


342360 

123249600 

3923J564 
196 15782 


a  By  §  415.  b  Suite  des  mem .  del' Acad.  R.  ann.  17x8.  p.  247- 
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4 56  Since,  according  to  Greaves’s  table, athe  Paris  foot  is  to  the  Englifh  foot, 
as  1068  to  1000;  we  may  by  the  golden  rule  find  the  following  dimenfions  of 
the  earth  in  Englifh  feet; 


Englifh.  feet 

365(540 

6094 


lOI^ 


i3l63°J73 

4189931° 

20949655 


A  degree  of  a  great  circle  upon  the  earth  is 
A  minute  of  a  degree  is 
A  fecond  is 

The  circumference  of  a  great  circle  upon  the  earth  is 
The  diameter  of  the  earth  is 
The  femidiameter  of  the  earth  is 
4-7  If  thefe  Englifh  feet  be  reduced  to  Englifh  miles,  each  mile  contain¬ 
ing  5280  feet,  we  fliall  have  the  following  dimenfions  of  the  earth  in  Englifh 
Ratine  miles: 

Englifh  miles 

A  degree  of  a  great  circle  upon  the  earth  is  697 

A  minute  of  a  degree  is  1  3*0 

The  circumference  of  the  earth  is  24930 

The  diameter  of  the  earth  is  7935^ 

The  femidiameter  of  the  earth  is  3967-5- 

458  The  circumference  of  the  earth  being  given,  by  §  457,  the  furfaceof 
the  earth  will  by  §  204  be  found  to  be  200,000,000  fquare  Englifh  miles. 

459  The  furface  of  the  earth  being  given  by  §  458,  the  folid  content  of 
the  earth  will  by  §  205  be  found  to  be  266,000,000,000  cubic,  Englifh  miles. 

460  To  find  the  meafure  of  the  earth  is  a  problem  which,  in  all  likelyhood, 
has  been  ftudied  by  aftronomers,  ever  fince  the  earth  was  believed  to  be  fphe- 
rical:  Laertius  h  mentions  Anaximander ,  the  difciple  of  T hales,  as  the  firft  a- 
mongfl  the  Greeks  who  wrote  upon  this  fubjedt:  Archytas  c  of  Tarentum  an 
.eminent  Pythagorean  famous  for  his  fkill  in  mathematics  and  mechanics,  feems 
to  have  made  fome  attempts  this  way;  perhaps  thefe  were  the  authors  of  the 
moft  ancient  opinion  we  have  of  the  magnitude  of  the  earth,  recorded  by 
Arijiotle ,  in  his  book  de  ccelo d ,  viz.  that  the  circumference  of  the  earth  is 
four  hundred  thoufand  Jiadia:  this  is  almoft  twice  as  much  as  it  has  fince 
been  determined  to  be;  but  fuch  a  miftake,  made  when  aftronomy  was  in  its 
infancy,  is  very  pardonable :  it  is  probable  Arijiarchus  of  Samos  confidered 
the  magnitude  of  the  earth  as  well  as  of  the  fun,  and  moon :  Archimedes  e  men¬ 
tions  the  ancients  who  held  the  circumference  of  the  earth  to  be  300000  ftadia: 
what  methods  were  ufed  by  thefe  Geometers  does  not  at  prefent  appear,  but  that 


a  §  446.  b  y?5  fC,  'arei/z/src r»  lygarj/ir  Laertius  in  Anaximandro. 

jC  lior.  Od.  28.  lib.  ].  Te  marts  &  terra  mimeroque  carentis  arena 

Mpnforem  cobibent  Arch}  ta.  d  Lib.  2-  cap.  ult.  e  In  arenario. 
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they  were  obfervations  of ftars  in  the  zenith,  or  in  the  horizon,  and  adual  mea- 
furing  fome  part  of  the  circumference  of  the  earth,  is  very  probable,  from  what 
the  writer  de  ccelo  remarks  in  the  place  juft  now  quoted  ;  that  we  have  diffe¬ 
rent  ftars  pafs  through  our  zenith,  according  as  ourfituation  is  more  north  or 
iouth  ;  and  that  in  the  fouthern  parts  of  the  earth  we  have  ftars  come  above  our 
horizon,  which  if  we  go  northward  will  no  longer  be  vifible  to  us. 

Thefe  different  appearances  of  the  ftars  point  out  two  ways  of  meafuring 
the  earth  j  one  of  which  is  by  obferving  ftars  which  pafs  through  the  zenith 
of  one  place,  and  do  not  pafs  through  the  zenith  of  another;  the  other  by  ob¬ 
ferving  fome  ftars  which  come  above  the  horizon  in  one  place,  and  are  ob- 
ferved  at  the  fame  time  to  be  in  the  horizon  of  another  place. 

4-6 1  Eratojlhenes ,  at  Alexandria  in  Egypt,  made  ufe  of  the  firft  of  thefe  me¬ 
thods;  he  knew,  that  at  the  fummer  folftice  the  fun  was  vertical  to  the  inha¬ 
bitants  of  Syene,  a  town  fituated  in  the  confines  of  Ethiopia,  under  the  tropic  of 
cancer,  wheie  they  had  a  well  built  for  that  purpofe,  on  the  bottom  of  which 
the  rays  of  the  fun  fell  perpendicularly  on  the  day  of  the  fummer  folftice;  he 
obferved,  by  thefhadow  of  a  wire  fet  perpendicular  in  an  hemifpherical  bafin, 
how  much  the  fun  was  on  the  fame  day  at  noon  diftant  from  the  zenith  of  A- 
Exandria,  and  found  that  diftance  to  be  a  50^  part  of  the  circumference  of  a 
gieat  ciicle  in  the  heaven;  fuppofing  then  Alexandria  and  Syene  to  be  under  the- 
fame  meridian,  he  concluded  the  diftance  between  them  to  be  a  50th  part  of  a 
gieat  ciicle  upon  tne  earth;  and  tnis  diftance  being  by  meafure  5000  Jladia , 
that  the  circumference  of  the  earth  is  250000  ftadia'.  but  becaufe  this  number 
divided  by  360  would  give  6944  ftadia  to  a  degree,  either  Eratojlhenes  himfelf, 
or  fome  of  his  followers,  aftigned  the  round  number  70 o  ftadia  to  a  decree; 
which  multiplied  by  360  makes  the  circumference  of  the  earth  252000  tla- 
dia:  and  this  is  the  reafon  why  different  authors  give  us  thefe  two  different 
numbers  for  the  meafure  of  Eratojlhenes. 

462  Pofidomus ,  who  lived  in  the  time  of  Pompcy  the  great,  attempted  to- 
meafure  the  circumference  of  the  earth,  by  the  other  method  of  horizontal  ob- 
lervations:  he  knew  that  the  ftar  called  Canopus  was  but  juft  vifible  in  the  ho¬ 
rizon  of  Rhodes,  and  that  at  Alexandria  its  meridian  height  was  a  48th  part  of 
a  great  circle  in  the  heaven,  or  y°S;  this  fhews  what  part  of  a  great  circle  upon 
the  earth  the  diftance  between  thofe  places  amounts  to;  fuppofing  them  both  to 
be  under  the  fame  meridian,  and  the  diftance  between  them  to  be  5000  Jladia 
the  circumference  of  the  earth  will  be  240000  Jladia:  this  is  the  firft  meafure 
of  Pofidomus  related  by  Cleomedes a,  a  writer  of  the  fame  age,  who  remarks  that 
a  Ids  meafure  is  to  be  taken,  if  the  diftance  between  Rhodes  and  Alexandria 

a  Lib.  r.  cap.  ult. 
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is  found  to  be  lefs  than  it  was  juft  now Maid  to  be.  f>trabo  * ^akw  th®  c£‘ 
cumference  of  the  earth,  according  to  Pofidonius  to  be  i8oo°o/«^,  a  ^ 
rate  of  500  fiadia  to  a  degree;  the  occafion  01  this  dive. fifty  is  thought  to  b  , 
the  fame  author  in  another  place*  relates,  that  Pratojihcnes- mea  ur  d  thedi- 
ftance  between  Rhodes  and  Alexandria,  and  found  it  to  e it  375  J  ’ 
t  .Hr,.-  this  for  a  4.8*  part  of  the  earths  circumference  according  to  -f  oj.doni 
^  the  whole  circumference  will  be  180000  fiadia:  this  meafure  in  which 
1 1  ha..  a  ^o-rees  affio-ned  by  Pofidonius  and  the  number  or  jtadta  mea 

others,  and  is  generally  aferibed  to  P^«y,  becaule  he  makes  ufe  of  it  m  his 
geography  where  he  often  follows  Marinas  A 

S  46  \  The  method  of  Pofidonius  is  juftly  rejeded,  becaufe  of  the  uncertainty 
of  refraction,  in  ftars  that  are  near  the  horizon:  the  method .of ^a^be"‘s  ‘S 
explained  at  large,  and  correfted  by  Ricctolus,  geograph,  reformat,  lib.  5.  c.  3. 

*£  SSiSSTft  *• — *"«»  *• « 

fions  of  Eratofthenes  and  Pofidonius ,  a  degree  of  a  great  circle  upon  tue  a  1 
will  be  600  fiadia,  and  a  minute  of  a  degree  10  fiadia,  that  is  a  mil  a 
quarter  of  the  ancient  Roman  meafure;  which  is  juft  a  mile  of  the  mode 
Italian  meafure;  for  the  modern  Italian  mile  is  equal  to  a  mile  anda  quaitei  of 
the  ancient  meafure,  as  appears  by  tne  dittance  between  r>u  g  ’ 

which  is  20  modern  Italian  miles,  and  was  25  ancient  Roman  miles  m  thi  , 
according  to  this  way  of  reckoning,  a  degree  of  the  circumference  of  dre  ea  th 
is  60  modern  Italian  miles,  and  7S  ancient  Roman  miles:  tte  encumfc mnee 
of  the  earth  is  2.600  modern,  and  27000  ancient  nines:  and  allowing  3  an 
dent  miles  to  a  mean  league,  a  degree  will  be  25  leagues;  and  tne  whole  cu- 

cumference  qgo  leagues e.  ,  ,  ,  r  r.i, 

'  46  r  After  Eratdibcnes  and  Pofidonius ,  feveral  others  have  made  me  of  the 
different  heights  of  the  pole  in  diftant  places  under  the  lame  meridian  to  find 
the  dimenfions  of  the  earth:  that  great  eucourager  of  lcaimng  among  the:  - 
bians  Almamoon  Calif  of  Babylon,  about  the  year  of  Chnft  800 ,  had  the 
diftance  meafured  between  two  places  fituated  two  degrees  a  under  and  under 
the  fame  meridian,  in  the  plains  of  Sinjar  near  the  red  lea:  the  refult  was,  that 
the  mathematicians  employed  in  this  affair,  whether  they  meafuied  each  dcgi  ce 

a  Lib.  2.  pag.  95-  e^-  CaOwb . 
b  Lib  2.  png.  i  26.  ed.  Cafaub. 

c  Ptolem.  geogr.  1.  t  -~cap.  7 •  of 

d  V.  Ricciol.  geogr.  ref  1.  5.  c.  8-  £s*  Caffini  Suite  des  memoires  de  VAcad-  R-  annte  171  r.,  p.  1  . 
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feparateiy,  or  went  over  the  whole  way  more  than  once,  found  at  one  mr 
funng  56  miles;  at  another  56  miles  f;  or  as  fome  have  it  rfi>  ;n  T 

466  a  learned  French  Phyfician,  in  the  year  ^2/  mfdeVe 
next  attempt  to  fand  out  the  circumference  of  the  earth  :  for  thR  purpofe  he 
n,  ft  took  he  he, ght  of  the  pole  at  Paris,  then,  going  from  thence  direftly  nor^l 
wards,  till  he  came  to  the  place  where  the  height  of  the  pole  was  one  decree 
more  than  at  Pans  he  meafured  the  length  of  the  way,  by  the  number  ofthe 
revolutions  of  the  wheel  of  lus  coach  in  which  he  travelled;  and,  after  proper 
allowances  for  the  rilings  declivities,  and  turnings,  which  he  met  with  in  the 
road,  he  concluded  6 8  Italian  miles  to  be  contained  in  a  degree. 

467  After  this  Snelhus c,  an  emmentDutch  mathematician,  took  the  heights 
of  the  pole  at  Akmaer  and  Bergen-op-zoom,  and  found  the  difference  between 
them  1  •  u  •  30  •  he  meafured  the  di  fiances  between  the  parallels  of  thole  two 
places,  by  taking  feveral  Rations,  and  forming  feveral  triangles;  bv  means 
whereof  he  found  one  degree  to  contain  341676  Leyden  feet:  he  meafured 
alfo  the  diflance  between  the  parallel  of  Leyden  and  Aicmaer,  which  diff-r  in 
the  elevation  of  the  pole  half  a  degree,  and  by  this  meafuring  he  found  342120 
Leyden  feet  were  contained  in  a  degree:  he  took  the  mean  number  between 
thefe  two,  and  afhgned  342000  Leyden  feet  to  a  degree;  which,  according  to 
Picard ,  reduced  to  French  meafure,  make  55021  toifes. 

468  Our  countryman  Norwood,  in  the  year  163  3,  having  taken  the  height 
of  the  pole  at  London  and  York,  and  meafured  the  diflance  between  the  pa¬ 
rallels  of  thofe  two  places,  affigns  367200  Englifh  feet,  which  is  69  miles  i. 
and  14  poles,  to  a  degieej  each  pole  being  16  feet  the  method  u fed  by 
Norwood  is  defcribed  by  him,  in  a  fmall  treatife  called  the  fea-mans  practice. 

469  Ricciolus d,  after  the  year  1654,  having  made  ufe  of  feveral  methods  to 
determine  the  circumference  of  the  earth,  affigns  to  one  degree  64363  Bologna 
paces}  which  make  61650  French  toifes. 

470  About  the  year  1669,  the  Royal  Academy  of  Sciences  at  Paris,  thought 
it  worth  the  while  to  make  a  new  trial  for  the  folution  of  this  famous  pro¬ 
blem  }  and  the  rather,  becaufe  in  the  former  attempts  no  body  had  made  ufe 
of  telefcopic  fights,  which  are  much  the  befc  for  this  purpofe}  for  by  them  the 
view  may  be  directed  to  an  object  at  a  greater  diflance,  and  to  a  point  of  an. 
object  with  more  certainty}  and  confequently  the  triangles  for  meafuring  di-  - 
fiances  may  be  formed  with  greater  accuracy,  than  otherwife  can  be  done. 

a  Alfragani  element,  ajiron.  c.  10.  &  ibi  Chrlilmannus.  Ricciol.  geogr.  reformat,  lib.  c.  c-  n.  Picard. 
mefure  de  la  tcrre.  Suite  des  memoires  ann.  1718.  chap.  c. 

b  Feraclius  CofmotbeorU  c.  1.  Ricciol.  geogr.  reform.  1.  5.  c.  to.  Suite  des  memoires  am*.  i-iS.ch  j. 
c  Si.ellias  in  Eratollhe  e  Batavo  lib.  2.  Ricciol  Geogr.  reformat-  lib.  5.  cap.  u.  Suite  dc;  memoires  de 
T  A 1  ad.  R.  ann  1718.  p.  17..  id.  Par.  d  Ricciol.  Geogr.  reform,  lib.’}. 
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§  4 1 5 ,  tw  O-tanc  of  the  pole  in  thefe  two  places  was 

VO!rtne;  *e  d  ftcr  nee  betw^n  ^  ^  ^  ^  was>  chat  one  degree 

a  hme  ‘T",'  t '.‘o' contain  c7o6o  toifes.  Picard  in  a  treatife  intituled  mefure  de 

^ ^  .  *»d  *« 

*  r  ?  ru  rno-etber  with  a  defeription  of  the  inftruments  made  ufe  oi 
lions  ci  tne  ta*  u  ,  e>  x  n-  ^ ern .  thispiece  was  afterwards  tran dated 

lh„™,  m4 ■  =  ““ iX  »•  "f  «  »*• 

X^l tca%i,'slle  des  memires  de  l' Acad.  R.arn.  ijiS,fart.2.  chaf.  6. 

I,:  Thetembers  of  the  Royal  Academy  at  Pans,  knowing  that  the  lon- 

^el  Portion  of  the  meridian  was  meafured,  the  more  accurately  would  thec.r- 

cumfe-ence  of  the  earth  be  found  %  prolonged  tne  meridian  ol  the  R.  Obler- 
cumierence  oi  .  of  France,  and  meafured  it  trigonometrically, 

SSaXSU  w  f  f  ,«*r 

«r-  hi“  o.k  tegun  in  4.,» 

,720-  under  this  title,  SatVe  </«  memoires  de  l  Academe  Roy  ale  des  Juences 
J~i’  17 18  •  in  this  work  it  is  (hewn,  that  there  are  miftakes  in  Snelltus,  m  th 
emme  ijrt ,  in  trkn<rles  fo  that  his  dimenfionsof  the  earth  are  not. 

“'“  =d  n~  mTi.  SU  fl«wn  Whn,  Ml.  *m  ...  »  *  —  > 

ihod.^ulaiSy  Rkciolu.  c,the  cbinfoccafions  of  which  were  h. staking  too  lliorc 
o  fundamental  bafe  and  not  fufftciently  confidenng  refraction.  . 

‘2  Though  Snellius  had  made  fome  miftakes  in  his  calculations,  there  is 
no  room  o  queftion  the  accuracy  of  his  obfervations;  Holland  is  by  reafon 
ohts  flltnefs  the  fitteft  country  in  Europe  to  meafure  an  arc  of  the  meridian 

deTandlnothemat  Somerwode/a  froft  happened,  juft  after  the  country  round 
f  H  n  Cd  been  overflowed,  this  enabled  him  to  take  two  ftations  upon  the 
•  ?  the  diftance  between  which  he  carefully  meafured  three  times  over,  and 
'then  from  thofe  ftations  obferved  the  angles  the  vifual  rays  pointing  at  thole 
A  ,xrirVi  the  ft  nit  line  thus  taken  upon  the  ice:  thefe  conuderations. 
InddceTptr  Van  Mufchenbroek  profeflbr  of  philofophy  and  mathematics  at 
Utrecht  to  make  new  obfervations,  and  form  triangles  upon  the  fundamental 

,  *,*,***...»«..  b  ‘•8-  c4"'Ww~/art,V"bafe 


CHAP.  I^. 


ASTRONOMY 

iSSSSt2S‘mSl!tym 

r-U  .toLn^CZ.  I S:  w,ch  “  "“T  »'/"  »  *>"  *. 

tempts  to  meafure  the  earth  wh‘  1  5f  §Iven  uii  account  of  all  the  at- 

*™  i  :s  rfc  atssp  j&  ?f  *•  ?-*  - 

very  well  acquiefce  therein*  >  taat  A  tmnk  we  may 


CHAP.  I5.  THE  DIFFERENCE  BETWEEN  THE  APPARENT  LEVEL  AND 
THE  true:  THE  EXTENT  OF  THE  VISIBEE  HORIZON 

473  A  truly  level  Jurface  is  a  fegment  of  any  fpherical  forface  wh'  I  • 
concentric  to  the  globe  of  the  earth:  the  furface  of  the  f  a  or  of  ^  f  ** 
piece  of  water,  when  Rill,  forms  it  felf  into  a  trnlv  k  t  t  ^ny  large 
hne  of  level is  an  arc  of  a  great  circle  which  we  ima4ne  to  l 

2  TZ  It 

poin,  ofconoa  «  iigW  J,,,,  th=  ,«  k°d'  j,1”!'  » 

rs:  -xfr 

RR;  but  this  line,  the  further  it  is  extended  from  hb  Ihtfn  pU?na .  h°,nzoa 
recedes  from  the  center;  forsc  is  longer  than  ac  and  nr  =T  f  fU'’ther  1C 
•  474  Since  the  femidiameter  of  the  earth  is 'known  b"  \  y  wn  Bc’  ^c‘ 
hw  much  the  apparent  level  is  above  the  true  if  it  K-  kn  ea\toco^fute 
ftance  of  the  objedt  looked  at  horizonta  tyTf  m  foe  ^  2?  *•* 
ver;  thus,  %  57,  let  the  obferver  fending  at  a  look 
placed  horizontally,  at  the  objedl  B;  here  b  ac  is  a  fofor  if  “  tJlc!coP“ 
which  if  ac  be  made  radius  ab  will  he  r-  5  '  an^  ed  triang‘e  S  in  ,-g 

diameter  of  the  earth  is  to  the  number  of  feet  in  ab  foe  Vf  i  ,  fem’- 
jea;fo  is  ac  as  radius  to  ab  as  tangent-  that  is  fo  'Lnce  01  rhe  °b- 
number ;  which  is  the  tangent  requfred-’  the  t  1S  I0°OOOOc  t0  a  fourth 
table,  we  have  the  fecantA  from  whlh  Tf‘  Y  ^  fbund  in 
remainder  cb  is  the  excefs  of  the  Yan!  foo‘e  fo  ^  C°  b?  ^ 
the  apparent  level  above  the  true.  See  the  following  table" "  ’  “  ^  °f 

f  Mufchenbroek  Difftrta,.  de  magnitude  terr,.  b  <  .  c6 

Other  geometrical  methods  offincli  g  out  the  diameter  .  .  ,  C  *  ,23'  d  f-  >40. 

maybe  fee;,  in  K,phr,  Varenius,  RiccL,  mi  „th"“  ' b«  1' Wltho“‘anX  c«ia!  obfervatiom. 
are  lets  certain  than  the  method  deferibed  §  4S  ,  tor  w- ’  r  r  ?  ,ablen;ls  of  «*a«io.'.  they 
tbjerv-  faiia  ea  di-v  ,ndr.  j>.  .6  *  fej,.  ^  them.  See  L’aJ* 
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r  ti- e  fore-om-  table  is  taken  from  C#»*.  only  his  French  totfes 
,  +75  J  ndCtines%re  here  turned  into  Englilh  feet,  inches,  and  decimal 

ftet’  r  ,T;n. -<,b.  one  ufe  of  the  table  is,  an  arc  of  a  great  circle  upon  the  earth 
pans  ot  an  1.  ^  ■  -  -  /  •  .  fo  find  the  length  thereof  m  Enghih  mea- 

bemg  given  m  lee  -  6-inches  and  4  tenths  of  an  inch  5  thus  again, 

tore;  thus,  an  arc  on  is  3 .  ^  y  ^  is>  an  arc  0fa 

an  arc  of  2o  ts  121S80  Etgiin  te  ^  ^  or  minutes,  or  in  feet  and 

great  cir t UP°  ‘  .  exceps  uf  the  fecant  above  the  radius,  or  the  height 
inches,  to  fin  v  1  •  .  j  .  ;  p„]e  jn  very  iinall  arcs,  that  it 

5.  « 

rv  -m  the  table  of  minutes, it  is  given  for  every  minute, from  1  to6o  , 
every  10.  -  ,  °  to  i°' thus,  if  an  arc  be  20",  01-203 1  feet  4  inches, 

poarentW  above  the  true  is  1  inch  186:  thus  again,  it 

-  Snce  oShe  Vlace  of  an  objeft  from  the  place  of  the  obterver  be  30 ,  or 

Lil o  feet  the  height  of  the  apparent  lev#  above  the  true  is  797  feet  8 

Another  ufe  of  the  table  is,  that  the  diftance  of  any  ob,e<5t  which  is 

1 -C  ved  duoth  fights  placed  horizontally  being  given,  the  height  of  it  may 
viewed  throu0n  1  being  given,  its  diftance  may 

J*  found'  mountain  whole  top  is  in  the  fenfible  ho- 

be  found.  l;tms,  heiaht  0f  the  mountain  is  199  feet  4  inches; 

rizon  oe  15  ,  01  9  4  h  >  f  D  r  wh0fe  top  appears  in  the  fenfible 

SLCn°  r;?  feet  the  diftance  of  the  tower  from  the  place  of  the 

fpeftator  is  1 5' ,  or  9 1 4 1  o  feet.  a  m)mber  0f  feet  which  is  not  in 

476  If  the  dl;U‘  c  ,  ‘  f  L  the  table  which  is  rieareft  to  the  number 
the  table,  take  tne  numb '  number  thus  taken,  is  to  the  fquare  of  the 

glven,  and  fa) ,  *’  of  the  apparent  level  above  the  true,  cotrefpond- 

number  given,  fo--  •  ,  of  the  apparent  level  which  correfponds 

nr  *•  « *.***»•  w«* 

^  .he  ««,  %£*%£ Z Uto  rf .he  heel  co„efP«h- 
eft  number  to  ...is  ■  ‘  ^  as  {he  fquare  0f  2ui  102  is  to  the  fquare  of 

mg  thereto  is  9.  5  >  f  ’  ber  of  feet,  by  which  the  apparent  level  ex- 

»“hf  wlieZT.  .™;^,  .he  1.  ufually  fo»e  heigh,,  fe„oi« 

—‘iSStt  It'™  - -  ““ 
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four  feet,  above  the  furfase  of  die  earth;  but  thismakesnodifferer.ee  in  levelling 
as  the  height  of  the  eye  muff  be  added  to  the  radius  AC>  it  muft  b  2 

d be  r,ie! -to  - ; 

infenfible.  Ricoio!.  1.  6.  c.  24.  8  °f  AI  and  BL>  but  n  *  qui« 

477  -dnoihcr  ufe  of  the  tabh ?  is  for  levellincr  in  m-A^r  *-  n 

one  place  to  another.  Lnellinr  is  tbe  '17* t0  c°nV?y  WMer  fronl 
points  above  the  furface  of  the*  earth  are  nf  "l8  "‘f  W  lethei'  two  Slven 
flant  from  the  center  of  the  earth  or  nor  fT  'S  that  ‘S  entua!iy  di~ 
what  that  difference  is:  the HooH  dl?y  aTf.  ofdi*'-u  heights, 

laying  pavements  or  walks,  for  conveying  water  to  fmllfd!!  "*  flf  cie.nt  fo'' 
horizontal  dials,  or  aftronomical  inffrunfents-  bur  in  ll  ?y?n<X.S'>  f°r  Pkclng 
canals  which  are  to  convey  wafer  rn  rh  a- a  111  Icvehmg  the  bottomsof 

rence  between  *.  ,  “S  l™ltXb.°!  T"1  "’“'t  *• 

thus,  hg.  r8  let  ial  be  an  are  nf  n  ^  •  ,  C  U  vCn  Into  r^e  account: 

quired  io  cu,  c  canal  whofe  bottom  lha»  blTtmTfaiu  ear'h’  ^  le‘ 

.~g,h  of  „8  fa,  jo",  ,ht  common  ^  „  l^Tod,’  °f 
ffrument  in  the  bottom  of  the  canal  nr  4  ,„t  i  1  •  V  ,  evcll,ng  >n- 

ced  horizontally  at  a  Hick  fet  up  perpendicularTt  nl'  ■  r°U?h  the  fishts  pla' 
the  vifual  ray  or  line  of  the  apparently  points  as  P°  “T, a  mark  wh«e 
bottom  of  the  canal  at  B  as  much  below  E  as  a  is  below  pH  ;°  ^n  ** 
give  us  a  true  level,  for,  by  the  table,  at  the  diftance  of  m"  U  1  'o  r'  '  not 
apparent  level  is  7  inches  above  the  true  ■  and  the,-»f  5  or  J°7^  feet,  the 

B  mu ft  be  funk  ybnehes  lower  than  the’  alfem  tel  dirT«  '  rT  ^ 

be  4  feet  below  D,  B  muff  be  4  feet  7  inchetbelow  the  mark  7  T°H  A 
mentioned  the  error  which  will  arife  from  nl^  •  u  ,  ,  1  have  here 

line  to  be  levelled,  and  CCo'SW  miff  1  “d  °f  *• 
ter  to  take  a  ftation  in  the  middle  of  the  line  to  be  levelled  thuTff’f  ^ 

the  apparent  level  points,  as  e  and  F;thofe  poTntTa  mfe^andff' It  71  ^ 

“°rs  m  ■ true  -Hi  ^  ^ 

fame  height  at  the  other.  If  watt  be  req Id  ro'  °"C  “  ’  K  wi,i  rift  to  the 
is  of  another  confideration :  a  river  will  L,  t!  °  T  Wlda,any  velocity,  that 
not  above  fix  inches  defeent  below  the  true ’level  for  ^  u  °Wf  wblclt  hath 
ver  whofe  water  is  foul  be  required  to  run  r  l  ?  lenSth:  if*  ri- 

its  foulnefs  into  the  fea,  ffxteen  inches  or  H  \fa  *  0CIty  as  t0  carry 

in  ,  „„,c  “  d;;  “  ZX  “  ““li 
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in  that  affair.  Vide  Ricciol.  geogr.  reformat.  1.  6.  c.  24.  The  visible  horizon  hath 
b'-en  already  deferibed,  and  hath  been  fhewn  to  have  a  dirterent  extent  at.  a 
different  height  oftheeye*;  I  now  proceed  to  a  further  confiderauon  of  it. 

•473  The  femidiameter  of  the  earth  and  the  height  of  the  eye  being  given, 
the  extent  of  the  vifible  horizon  is  thus  found-,  let  ade  be  a  piece  of  a  great  cir¬ 
cle  upon  the  earth,  c  the  center  of  the  earth,  B  the  eye  ot  the  oofeiver,  bd 
the  height  of  the  eye,  BA  and  be  lines  drawn  from  the  eye  touching  the  fur- 
face  of  the  earth  at  A  and  e,  and  terminating  the  vifible  horizon  ,  the  length 
of  BA  is  required;  in  order  to  find  it,  proceed  in  this  manner;  add  db  the 
height  of  the  eye,  which  I  wili  here  lhppofe  to  be  5  feet,  to  DC  the  lemidia- 
meter  of  the  earth,  which  is  20949655  feet  4  and  you  have  the  lengt.i  of  cb, 
20049660  feet;  draw  ca,  and  you  have  a  triangle  B  A c  whofe  angle  at  a  is 
a  rbhtone,  by  §  28,  make  the  hypotenufe  cb  radius,  and  c  a  will  be  the  fine 
of  the  oppofite  angle  abc,  §  140  cafe  1  ;  fay  then  as  cb  is  to  ca  lo  is  the 
.  whole  fine  or  radius  to  the  fine  of  the  angle  abc  :  this  angle  being  found,  its 
complement  acb  is  known0,  and  confequently  the  arc  ad  is  alio  known,  and 
may  be  found  in  feet  or  miles  by  the  tabled,  or  by  §  456  i  thus,  m  the  example 
before  us,  as  20949660  is  to  2094655,  fo  is  the  radius  10000000  to  a  4'“ 
number,  viz.  9999993;  which  number,  is  the  line  of  an  angle  of  09  56  : 
the  angle  abc  then  is  89°  56',  and  therefore  its  complement  acd  is  4  ,  and 

the  arc  da  is  4  <=,  that  is,  by  the  table f  24376  feet. 

•  4 -n  T he  deprejjion  of  the  horizon  cj  the  fea  at  a  given  height  or  the  eye  may 
rg  be  thus  found  by  calculation:  in  fig.  59  it  the  eye  be  at  B  the  fenfible  horizon 
is  f  g,  the  depreffion  of  the  horizon  of  the  fea  is  the  angle  fba,  which,  being 

the  complement  of  abc,  is  equal  to  acd,  that  is  4,  by  §.  478. 

•480  Since  the  depreffion  of  the  horizon  of  the  fea,  or  the  angie  fba,  tig. 
ro  may  be  found  by  obfervation,  §.  294;  the  extent  of  the  zifble  horizon,  at 
ff  height  of  the  eye,  may  alfo  be  found  by  obfervation:  for  its  ienu diameter 
d  4  differs  not  fenfibly-from  an  arc  of  a  great  circle  upon  the  earth  of  the  fame 
number  of  minutes  and  feconds  as  the  angle  of  depreffion  is  obferved  to  beg, 
;md  the  number  of  feet  contained  in  that  arc  may  be  found  in  me  table  a,  thusb 
if  the  deprefiion  of  the  horizon  is  30',  the  femidiameter  of  the  vifible  horizon 
is  alfo  -20',  that  is,  by  the  table,  182820  feet.  Different -authors  give  us  diffe¬ 
rent  extents  of  the  vifible  horizon:  either  becaufe  they  differ  m  the  meafure 
of  the  earth’s  femidiameter  from  whence- it  is  computed,  or  in  their  ac¬ 
count  of  the  meafur.es  which  they  make  ule  of:  thus,  when  they  differ  in  the 
number  of  fladia ,  it  may  be  becaufe  they  differ  in  the  meafure  of  th zftadiumt 
Vide  Ricciol,  geogr,  reformat.  1.  6.  c.  22,  Vqren.  1.  3.  c.  34. 
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4^i  1  he  following  table Thews  the  different  deprcffion  of  the  horizon  of 
t  e  lea  at  different  heights  of  the  eye*  as  it  comes  out,  calculated  from  the  di~ 
men  lion  of  the  earth,  by  the  method  taught  §  294;  and  as  it  was  found  by1 
obfervation,  with  the  difference  between  thefe  two,  which  is  owino-  to  refrac- 
tion:  it  is  taken  from  Cajfki  \  only  J  have  turned  his  French  into  Englifli 

JCCl* 


The  height  of  the  eye  abovfc 
the  furface  of  the  fea. 

Feet  Inches 

11 57  6>9 

Difference  by  refraction 


The  dept-effion  of  t,hc 
horizon  of  the  fea. 


C32  30  by  obfervation 
^36  18  by  calculation 

3  48 


775  2, 3 

Difference  by  refraction 


2J  o  by  obfervation 
'29  36  by  calculation 

2  36 


571  o 

Difference  by  refraction 


24  o  by  obfervation 
2  5  25  by  calculation 

1  25 


3  87  3.4 

Difference  by  refraction 


519  45  by  obfervation 
t 20  54  ky  calculation 


288  4.3 

* 

Difference  by  refraction 


15  o  by  obfervation 
17  1  by  calculation 


187  0,9 

Difference  by  refraction 


13  0  by  obfervation 

14  41  by  calculation 


1  41 


7>3 


C  3  20  by  obfervation 
■£318  by  calculation 
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A  table  shewing  the  measure  oe  A  degree  of  longitude 

IN  DIFFERENT  LATITUDES. 


'39 


Deg.  of  lat.  Engl.  feet. 

0  365640 

1  365584 

2  3654)7 

3  365139 

4  364749 

5  364249 

6  363637 

7  362914 

■O  362082 

9  361138 


10 

360085 

1 1 

358922 

12 

357650 

*3 

356269 

1.4 

354779 

j5 

353)81 

16 

35)476 

17 

349663 

.18 

347744 

3457T9 

2-0 

343589 

21 

34)354 

22 

339°)6 

23 

336573 

24 

334029 

25 

331382 

26 

328635 

27 

325788 

28 

32284 1 

29 

319796 

3° 

316654 

3 1 

3  I3415 

32 

3  10080 

33 

306652 

34 

3°3 129 

35 

299j)5 

Geogr.  miles. 


60. 

59-  99 

59.  96 

59-  92 
59. 84 

59-  77 
59-  67 

59-  55 
59-  42 

59-  26 

59-  09 
58.  90 
58.  69 
58.  46 
58.  22 

57-  96 
57.  68 

57-  38 
57.  06 

56-  73 
56.  38 
56.  01 
55-  63 
55-  23 
54-  81 
54-  3 8 
53-  93 
53-  46 
52.  98 
C2.  48 
51-  96 

5  '•  43 

50.  88 

5°*  32 
49-  74 
49-  J5 


S'  2 


Deg.  of  lat.  Engl.  feet.  Geogr.  miles. 


36 

295809 

rf- 

00 

37 

292013 

47.  92 

3S 

288128 

47.  28 

39 

284 156 

46.  63 

40 

280096 

45.  96 

4i 

275952 

45.  28 

42 

271723 

44-  59 

43 

267412 

43.  88 

44 

263019 

43-  16 

45 

258547 

42.  43 

46 

2 53 995 

41.  68 

47 

249366 

40*  92 

48 

244661 

4°-  *5 

49 

23988 1 

39-  3<> 

5° 

235029 

38-  57 

5 1 

230105 

37-  76 

52 

2251 10 

36-  94 

53 

220048 

36-  )) 

54 

214918 

35-  2 7 

55 

209722 

34-  41 

56 

204463 

33-  55 

57 

199142 

32.  68 

5&  • 

193760 

31. 80 

59 

188319 

3°.  90 

60 

6 1 

182820 

177266 

,30.  00 
29.  09 

62 

171658 

28.  17 

63 

165997 

27.  24 

64 

160286 

26. 30 

6  5 

66 

154526 
t 48719 

25-  36 

24.  40 

67 

142867 

2  3  ’  44 

68 

136971 

22.  48 

69 

'3 1034 

2  1.  50 

70 

J25O56 

.20.  52 

- 
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[G.  The  meafure  of  a  degree  in  any  parallel  is  found  by  the  following  propor¬ 
tion  :  as  the  radius  is  to  the  cofine  of  the  latitude  of  any  parallel,  lo  is  the  num¬ 
ber  of  feet,  yards,  miles  See.  in  a  degree  of  a  great  circle,  to  the  number  of 

60  feet,  yards,  miles  Sec.  in  a  degree  of  that  parallel.  Demonf  ration ,  letEPQji 
be  a  meridian  drawn  upon  the  earth,  e  Qj:he  equator,  fb  a  parallel,  fuppole 
of  4o° :  I  fay  the  circumference  of  the  equator  is  to  the  circumference  oithe 
parallel  eb,  and  confequently  a  degree  in  the  equator  or  in  any  great  circle 
is  to  a  degree  in  that  parallel,  as  cb  the  lemidiameter  of  the  equator  is  to 
ab  the  femidiameter  of  the  parallel :  but  ab  is  cotine  of  the  arc  B which 
is  the  latitude  of  the  parallel  fb;  therefore  a  degree  in  the  equator  is  to  a  de¬ 
gree  in  the  parallel,  as  the  radius  is  to  the  coline  of  the  latitude.  Q^_E.  D. 
By  this  proportion  the  foregoing  table  is  calculated,  which  fhews  the  mea- 
fure  of  a  degree  of  longitude  in  the  feveral  parallels  drawn  through  every  de¬ 
cree  of  latitude,  from  the  equator  to  the  latitude  of  7 o°.  In  the  tirff  column 
of  the  table  is  the  degree  of  latitude,  the  fecond  column  fhews  the  meafure 
of  a  degree  in  englilh  feet,  the  third  column  lhews  it  in  geographical  miles 
and  decimal  parts :  a  geographical  mile  is  the  fixtieth  part  of  a  degree  of  a 
great  circle  upon  the  earth. 


CHAP.  17.  THE  USE  OF  THE  TERRESTRIAL  GLOBE. 

485  The  t err e final  globe  is  an  image  of  the  earth  in  little,  which  exhibits 
to  our  view  the  furface  of  the  earth  and  the  parts  thereof,  as  feas,  continents, 
iflands,  lakes,  rivers,  countries,  kingdoms  and  Hates,  Sec.  in  their  proper  di- 

61  mention,  fhape  and  fituation.  See  tig.  61. 

486  It  hath  already  been  oblerved,  that  we  may  imagine  what  circles  we 

pleafe  to  be  drawn  upon  the  furface  of  the  earth :  fome  of  thefe  imaginary 
circles,  as  the  equator  with  fome  of  its  parallels  and  lecondaries,  are  aftually 
drawn  upon  the  glohe;  others,  as  circles  of  difiance,  or  potition,  the  horizons 
and  meridians  of  different  places,  may  be  reprelented  by  the  apparatus  or  fur¬ 
niture  of  the  globe. 

487  Tfhe  equator ,  deferibed  §  298,  is  drawn  with  double  and  fometimes 
with  treble  lines,  and  is  divided  into  360  degrees  oi  longitude,  beginning 
at  the  tirff  meridian :  in  large  globes,  each  degree  is  fubdivided  into  halves 
and  quarters  of  a  degree :  the  equator  lhews  at  once  whether  any  given  place 

upon  the  globe  is  in  north  or  fouth  latitude.  §  326. 

488  Secondaries  of  the  equator  or  meridians  delcribed  §  299,  are,  upon 
fmall  globes,  ufually  twelve  in  number,  fo  that  there  are  twenty  four  geo¬ 
graphical 


Book  I. 


j'c. 


CHAP.  1 7.  A  S  T  R  O  N  O  M  Y  14 1 

graphical  meridians,  defcribed  §  300,  drawn  at  equal  didances,  one  through  fig. 
every  fifteenth  degree  of  the  equator  j  the  fir  ft  meridian ,  defcribed  §  -,09, 
is  didinguidied  from  the  red  by  double  lines.  Thefe  meridians  give  a  gene¬ 
ral  view  of  the  longitude  of  places,  but  drew  it  accurately  in  thole  places  on¬ 
ly  through  which  they  are  drawn. 

4S9  Terreftrial  parallels,  defcribed  §  335,  are  ufually  drawn  on  each  fide 
ol  the  equator,  through  every  tenth  degree  of  the  fird  meridian:  they  give  a 
general  view  of  the  latitude  of  places,  but  diew  it  accurately  in  thole  places  . 
only  through  which  they  are  drawn.  In  large  globes,  both  meridians  and  pa¬ 
rallels  may  be  more  numerous.  The  circle  which  cuts  the  equator  obliquely 
will  be  confidered  hereafter. 

490  The  tropics,  defcribed  §  39°’  and  the  polar  circles ,  defcribed  §  375> 
are  drawn  with  double  lines,  to  diftinguidi  them  from  the  other  parallels. 

The  zones,  defcribed  §401,  are  eafily  feen  upon  the  globe.  The  furniture  of 
the  globe  is  now  to  be  confidered. 

491  7 he  axis  of  the  globe  is  a  drait  wire  palling  through  the  globe  at  the 
poles,  and  reprefen ts  the  axis  of  the  earth,  defcribed  §.  298. 

492  The  meridian  of  the  globe  is  the  brafs  circle  in  which  the  globe  is  fuf- 
pended  by  the  axis:  It  hath  one  fide  graduated,  or  divided  into  360  degrees, 
the  innermod  edge  of  this  graduated  fide  is  properly  the  meridian,  defcribed 
§  299,  and  divides  the  globe  into  the  ead  and  wed  hemil'pheres. 

493  The  meridian  confids  of  two  femicircles;  one  of  them  abc,  which  is  61 
commonly  made  ule  of  to  exprefs  the  geographical  meridian ,  defcribed  §300, 

is  divided  into  two  quadrants,  the  degrees  whereof  are  numbered  10,  20,  30, 

&c.  to  90 ;  beginning  at  the  equator,  and  proceeding  towards  each  of  the 
poles,  in  order  to  diew  the  latitude  of  places:  the  other  femicircle  adc  which 
reprefents  the  oppojite  meridian ,  defcribed  §  300,  is  alfo  divided  into  two  qua¬ 
drants,  the  numbers  thereon  10,  20,  30,  &c.  proceed  from  each  pole  towards 
the  equator,  in  order  to  diew  the  elevation  of  the  pole. 

494  T he  geographical  meridian  is  generally  meant,  when  we  fpeak  of  the 

meridian  in  the  life  of  the  globes.  The  zenith  point  of  the  meridian  is  the  point 
diredtly  over  the  center  of  the  horizon  of  the  globe,  as  l  is,  fig.  6i.  61 

495  ^he  horizon  oj  the  globe  is  the  wooden  circle  on  the  top  of  the  frame 
which  fupports  the  meridian,  with  the  globe  fufpended  therein  :  the  upper 
lide  of  this  circle  is  properly  the  horizon,  and  reprefents  the  plane  of  the  ho¬ 
rizon  of  any  place  which  is  brought  to  the  zenith  point  of  the  meridian  j  and 
when  this  is  done,  the  globe  is  faid  to  be  rectified  to  the  horizon  of  that  place : 
thus,  fig.  61,  London  Hands  exactly  over  the  center  of  the  horizon,  and  the  61 

globe 
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globe  is  rectified  to  the  horizon  of  London.  How  to  rectify  the  globe  to  the 

horizon  of  any  place  will  be  lhewn  §.  5°9*  .  ,  ,-rr 

The  horizon  hath  two  notches  for  the  meridian  to  Hide  in,  when  different 

elevations  of  the  pole  are  to  be  exhibited  :  there  is  alfo,  on  the  bottom  o 
6  i  the  frame,  a  little  piece  of  wood  marked  u,  with  a  notch  in  it  cut  in  inch  a 
manner,  that  the  meridian,  Aiding  therein,  may  always  interfeft  the  horizon 
at  right  angles,  and  be  fupported  at  a  proper  height,  fo  that  exactly  half  the 
dobe  and  half  the  meridian  may  be  always  above  the  horizon.  In  ufing  the 
globe,  the  graduated  fide  of  the  meridian  is  to  be  turned  towards  the  eaft  tide 

of  the  horizon,  as  in  fig.  6 1.  .  ... 

j  q6  'j'he  horizon  of  the  globe  hath  feveral  circles  upon  it,  among  which 

I  fliall  at  prefent  only  take  notice  of  the  circle  of  the  winds,  leaving  the  reft 
to  a  more  proper  place.  The  circle  of  the  winds  hath  the  4  cardinal  points,  de¬ 
scribed  i  2Q9  and  304,  as  alfo  the  intermediate  points,  in  all  32,  with  their  names, 
or  the  initial  letters  of  their  names,  thefe  are  called  the  points  of  the ^  compcf  : 
it  is  alfo  divided  into  360  degrees,  in  order  to  fhew  lefter  deviations  from 
the  cardinal  points.  The  circle  of  the  winds  may  be  drawn  upon  paper,  a  card, 

62  or  any  horizontal  plane,  and  is  then  ufually  called  the  compcf s  .  fig.  62. 

a.07  To  fet  or  r  edify  theccmpafs :  if  the  meridian  line  of  a  compafs ,  that  is  the 
line  sn  which  is  drawn  through* the  north  and  fouth  points;  be  placed  exactly 
over,  or  parallel  to  a  meridian  line  of  the  place  where  we  are,  its  points  will 
then  fhew  us  the  refpeftive  points  in  the  horizon  of  that  place ;  its  north 
point  will  ftand  towards  the  north,  its  eaft  point  towards  the  eaft,  and  io 

of  the  reft.  „ .  .  r  ,  ,  , 

cThe  hour  circle  is  a  fmall  circle  of  brafs,  f  g,  fo  placed  upon  the  me¬ 
ridian  as  to  have  one  of  the  poles  in  its  center,  and  that  ulually  the  north 
pole,  becaufe  the  northern  parts  of  the  earth  fall  moft  frequently  under  our 
confideration.  It  is  divided  into  twice  12  or  24  equal  parts,  to  anfwer  the  fe¬ 
veral  hours  of  the  natural  day,  the  two  figures  of  12  are  to  be  placed  exactly 
over  the  meridian,  the  12  on  the  fouth  fide  at  f  express  12  at  noon,  the 
other  12  at  ,G  ftands  for  12  at  night.  The  numbers  on  the  weft  fide  fhew  the 
hours  from  noon  to  midnight,  the  numbers  on  the  eaft  lide  fhew  the  hours 

63  from  midnight  to  noon.  See  fig.  63.  .  ,  c 

499  The  hour  index  is  a  fmall  brafs  pointer,  to  be  put  upon  that  end  of 

the  axis  which  pafies  through  the  center  of  the  hour  circle:  if  the  globe  be 
-turned  round  in  the  meridian,  the  axis  will  carry  the  hour  index  round,  io 
as  to  make  it  point  fucceffively  to  all  the  divifipns  of  the  hour  circlet  how- 
ever,  the  index  is  moveable  upon  the  axis,  fo  that  we  may  hold  file  g  one  ftill 
and  turn  the  index  till  it  points  at  what  hour  we  pleafe. 

500  The 
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500  The  quadrant  of  altitude  is  a  thin  narrow  flip  of  brafs  bent  into  a 
quaiter  of  a  circle,  fig,  64,  with  one  edge  divided  into  90  degrees  it  hath  at 
one  end,  which  may  be  called  tke  center  of  the  quadrant ,  a  fere w,  to  fatten 

jt  to  the  zenith  point  of  the  meridian,  the  other  end  is  at  liberty,  and  may 
he  carried  round  the  horizon .  '  ’ 

501  To  find  the  difiance  between  two  places  upon  the  globe:  lay  the  qua¬ 
drant  of  alti  tude  upon  the  globe,  fo  that  the  graduated  edge  may  pafs  through 

otn  the  places,  and  obferve  how  many  degrees  and  minutes  are  between 
them:  or  thus,  with  a  pair  of  compares,  fet  one  foot  upon  one  olace,  and 
open  the  compares  till  the  other  foot  Hands  upon  the  other  place,  then,  car¬ 
ry  this  di dance  to  the  equator,  and,  fetting  one  foot  of  the  compares  upon 

the  hrfi  meridian,  obferve  how  many  degrees  and  minutes  it  is,  which  vou 
may  turn  into  englkh  miles,  by  §.  4 57. 

502  To  find  all  places  that  are  at  a  given  difiance  from  a  place  given:  for 
example,  to  find  all  places  that  are  ten  degrees  from  London :  open  a  pair  of 
compares  till  they  meafure  ten  degrees  upon  the  equator,  then,  fetting  one 
foot  upon  London,  turn  the  other  round,  and  it  will  pafs  through  all  the 
places  that  are  ten  degrees  from  London.  By  the  fame  method,-  we  may  find 
a  places  that  are  at  an  equal  difiance  from  any  given  place:  thus,  fetting 
one  foot  of  a  pair  of  compares  upon  London,  and  turning  the  other  round 
through  Rome,  we  may  fee  all  places  that  are  at  the  fame  difiance  from  Lon¬ 
don  that  Rome  is;  as  alfio  what  places  are  nearer  to,  or  further  from  London 
than  Rome  is. 


5°3  _  0  find  the  latitude  of  any  place  upon  the  globe:  bring  the  place  to 
tne  meridian,  and  the  degree  and  minute  under  which  it  lies  fiiews  its  lati¬ 
tude  thus,  bring  London  to  the  meridian,  as  in  fig.  61,  and  it  appears  to  be 
111  5.1  . 3  1  1101  ^h  latitude.  If  a  place  lying  under  the  equator  be  brought  to  the 
meridian,  the  mark  over  it  will  be  00,  becaule  it  has  no  latitude,  §  ^26. 

504  To  find  all  places  which  have  the  fame  latitude  with  a  given  place :  fup- 

pofe  the  given  place  be  London,  turn  the  globe  round,  and  all  places  that 
pa  s  undei  the  fame  point  of  the  meridian  that  London  doth,  have  the  fame 
latitude  with  London,  To  find  the  difference  of  latitude  of  two  given  places  up- 
on  the  globe,  as  London  and  Paris:  find  the  latitude  of  each  place,  by  &  coi 
and  the  difference  is  eafily  known.  0 

505  To  find  the  longitude  of  any  place  upon  the  globe :  bring  the  place  to  the 
meridian,  and  the  degree  and  minute  of  the  equator  the  meridian  then  paffes 
through  is  the  longitude  :  thus,  if  Rome  be  brought  to  the  meridian,  its  lon¬ 
gitude  will  appear  to  be  i2°45',  uPon  our  englifh  globes,  which  have  die 
firfi  meridian  drawn  through  London. 
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..G  -06  -73  find  all  places  'which  have  the  fame  longitude  'with  a  given  place:  as 

’  Naples,  it  is  fufficient  to  bring  Naples  to  the  meridian;  for  all  places  tnen 
under  the  meridian  have  the  fame  longitude  as  Naples:  §  3°7-  to  find  the 
difference  of  longitude  of  two  places :  find  the  longitude  ol  each  place  by 

co  e  and  the  difference  is  eafily  known.  .  .  , 

07  To  find  a  place  upon  the  globe,  its  longitude  and  latitude  king  given:  let 

tlw  place  be  Aradta,  the  longitude  of  which  I  find,  in  the  table  §.  33  1,  to  be 
44.0 '  r  eaft  from  London,  and  latitude  36°.  o  north  :  bring  44-  55  ot  c  iC 
equator  to  the  meridian,  and  under  the  36°  of  N.  latitude  is  Arafta  or  the 
place  where  it  ought  to  be  :  for  this  method  will  terve  to  tnjert  a  place  upon 

the  globe ,  its  longitude  and  latitude  being  given. 

_o8  -To  re  cliff  the  globe  to  the  latitude  of  any  place :  let  the  place  be  Lon- 

don,  which,  by  the  table  §.  33  L  ^  in  5  0  3 ®ov0c 
meridian  in  the  notches  till  the  north  pole  ot  the  globe  is  elevated  51.31  al  o 
the  north  fide  of  the  horizon,  that  is,  till  the  elevation  ot  the  pole  is  equal 

hi  to  the  latitude:  as  in  fig.  61. 

coo  To  rectify  the  globe  to  the  horizon  oj  any  place ,  as  London:  leebih  the 
.lobe  to  the  latitude  of  London,  by  §.  508,  and  bring  London  to  the  meri¬ 
dian  s  tire  horizon  of  the  globe  will  then  reprefent  the  horizon  of  London. 

„o  To  find  towards  what  point  of  the  compajs  any  place  lyes  from  a  given 
4,1  ftc c:  if  it  be  enquired  towards  what  point  of  the  compafs  Lisbon  lyes  from 
London  reftify  the  globe  to  the  horizon  of  London,  by  §,  509,  fciew  the 
center  of  the  quadrant  of  altitude  to  the  zenith  point  of  the  meridian,  and  turn 
the  other  end  round  till  the  graduated  edge  paffes  through  Lisbon,  then  o  - 
ferve  what  point  of  the  horizon  in  the  circle  ot  the  winds  the  graduated  euge 
pafl'es  through,  which  in  the  prefent  cafe  will  be  S.  W.  by  S ,  we  fay  then 

Lisbon  lyes  South  Weft  by  South  from  London. 

ru  To  find  the  angle  off pofition  between  any  place  and  a  given  place :  it  it 
be  enquired  what  is  the  angle  of  petition  of  Lisbon  and  London  that  is,  what 
angle  {  great  circle  drawn  through  thefe  two  places  makes  with  the  mei  tdian 
'of  London,  do  every  thing  direfted  by  §  5 .0,  and  obferve  how  many  degrees 
of  the  horizon  are  contained  between  the  graduated  edge  of  the  quadrant  o 
altitude  and  the  meridian  ;  which  in  the  picfent  c..ie  wi  e  jj  ^  e0rees  45 
the  angle  of  petition  of  Lisbon  with  regard  to  London  is  then  33  45  • 

,  j ,  To  realty  the  globe  to  the  meridian  off  the  place  where  we  are ,  which 
is  the  fame  thing  as  to  reciify  the  globe  to  the  fituatton  the  earthy  in  ^yday 
when  it  is  noon  in  that  place:  luppofe  the  place  is  London,  redbiy  the  globe 
the  horizon  of  London,  by  §  509,  then  turn  the  frame  of  the  globe  . 
rill  the  north  and  touch  points  of  the  horizon  or  the  globe  aie  toward. 
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north  and  fouth:  the  fouth  may  be  known  by  the  fun  at  noon,  the  north,  by  fig. 
the  pole  Rar  any  time  of  the  night:  the.  globe  may  alfo  be  rectified  to  the 
meridian  of  any  place,  by  a  meridian  line,  or  by  a  magnetic  needle  in  a  com- 
pafs-box,  which  I  fhall  therefore  now  defcribe. 

513  fhe  loadfione  hath,  belides  its  power  of  attracting  iron  and  Reel,  a 
certain  polarity ,  or  power  of  turning  it  felf,  in  fuch  a  manner,  that  one  point 
in  its  furface  fhall  Rand  towards  the  north,  and  the  oppofite  point  towards 
the  fouth  pole  of  the  earth;  for  which  reafon,  thefe  points  are  called  the  north 
and  fouth  poles  of  the  loadfione :  this  may  be  feen,  by  inclofing  a  IoadRone 
in  cork  till  it  will  fwim,  and  putting  it  into  water,  where,  if  rightly  balanced, 
it  will  turn  its  poles  towards  the  reipedtive  poles  of  the  earth,  nearly  though 
not  exadtly;  a  IoadRone  properly  fufpended  by  a  thread  will  alfo  turn  in  the 
fame  manner.  1  his  polarity  or  verticity  is  communicated  to  iron  or  Reel,  by 
rubbing  them  upon  the  IoadRone,  fo  that  if  a  needle  or  Rrait  piece  of  wire 
properly  touched  with  a  IoadRone  be  thruR  through  a  round  piece  of  cork, 
and  thrown  into  water,  it  will,  as  it  fwims,  turn  its  ends  north  and  fouth: 
a  fmall  long  piece  of  Reel  thus  touched,  with  a  little  brafs  focket  in  the  mid¬ 
dle  of  it,  by  means  whereof  it  may  be  fufpended  in  an  horizontal  poiition,  fo 
as  to  turn  freely  about,  upon  a  fharp  pointed  pin  fet  perpendicular,  is  the  mag¬ 
netic  needle ,  fig.  65:  if  a  compafs  be  drawn  at  the  bottom  of  a  box,  and  the  6 5 
magnetic  needle  fufpended  over  its  center,  it  makes  the  common  compafs-box , 
fig.  66;  which  Riould  be  made  of  brafs,  wood,  glafs,  marble,  &c.  with  this  66 
caution,  that,  except  the  needle,  there  be  no  iron  or  Reel  about  it,  leR  it  fhould 
affedl  the  verticity:  fome  have  thought  that  a  brafs  box  is  not  proper  for  ac¬ 
curate  obfervations,  leR  filings  of  iron  fhould  chance  to  be  mixed  with  the 
brafs,  in  caRing. 

514  fo  fet  the  compafs-box ,  fo  that  the  points  of  the  compafs  fhall  Rand 
towards  the  relpedtive  points  of  the  horizon  of  the  place  where  we  are:  fet 
the  box  upon  a  table,  or  any  level  plane,  with  this  caution,  that  no  iron  or 
Reel  be  near  it,  then  turn  the  box  gently  about,  till  the  needle,  after  vibrating 
to  equal  diftances  on  each  fide  the  meridian  line  of  the  compafs,  reRs  exactly 
over  it;  that  line  then  points  north  and  fouth.  This  is  true  only  in  a  few 
places,  for  in  almoR  every  part  of  the  earth,  there  is  a  variation  of’  the  needle-, 
that  is,  it  does  not  point  exactly  north,  but  declines  from  the  meridian,  to¬ 
wards  the  eaR  or  weR:  thus,  this  prefent  year  1736,  the  variation  was  ob- 
ferved  at  London,  by  Mr.  Graham ,  as  he  informs  me,  to  be  if.  15',  weR. 

The  prefent  variation  of  the  needle  in  the  place  where  we  are  muR  be  known, 
in  order  to  fet  the  compafs-box  exadtly. 
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3.  -515  The  variation  of  the  needle  is  not  only  different  in  different  parts  of 

the  earth,  fo  as  to  be  eaft  in  fome,  and  welt  in  others,  at  the  fame  time,  and^ 
more  eaft  or  weft  in  one  place  than  another ;  but  there  is  alfo  a  ‘variation  of 
the  variation  y  that  is,  the  variation  in  the  fame  place  changes  in  a  tract  oi 
time:  thus,  in  the  year  1576,  when  the  variation  was  firft  dilcovered  by 
Norman  at  London,  it  was  n°.  15',  eaftward;  in  the  year  1665,  it  was  iG. 
22. 30",  weftward;  in  the  year  1666,  1°.  35 .  36",  weft:  in  the  year  1722, 
14°.  17  ,  weft:  in  the  year  1736,  15°.  15  ,  weft.  See  Whiftoris  Hiftorical  Pre¬ 
face  to  his  treatife  of  the  dipping  needle,  p.  7.  See  alfo  Phil.  PranfaB.  N.  40. 

516  There  is  alfo  a  very  fmall  variation  of  the  variation  amounting  only 
to  a  few  minutes  of  a  degree,  in  the  fame  place,  at  different  hours  of  the  fame 
day,  but  this  is  difcoverable  only  by  very  accurate  obfervations,  no  notice 
can  be  taken  of  it  at  fea,  and  the  letting  the  globe  doth  not  require  luch  ex- 
adtnefs;  I  only  mention  it  here,  becaufe  I  am  fpeaking  of  the  variation.  By 
Mr.  Grahams  obfervations  made  in  London  from  Feb.  the  6th,  1722,  to  May 
the  10,  1723,  the  greateft  variation  was  14°.  45',  weft j  the  leaft  13°.  50",  weft: 
■See  Phil.  PranfaB.  N.  383.  It  has  alfo  been  obferved,  that  different  needles, 
efpecially  if  touched  with  different  loadftones,  will  difter  a  few  minutes  in 
their  variation.  V.  Poleni  epijl.  Phil.  PranfaB.  N.  421. 

517  Po find  the  variation:  fet  the  meridian  line  of  the  compafs-box  over 
a  meridian  line,  or,  if  the  compafs-box  be  fquare,  lay  one  of  the  fides  to  which 

66  the  meridian  line  of  the  compafs  is  parallel,  as  ab  or  cd,  upon  a  meridian  line, 
and  the  needle  will  fhew  the  variation. 

518  Some  large  globes  have  a  compafs-box  upon  the  pedeftal,  as  ik,  fig. 

61  6 1 ,  if  the  compafs-box  be  fet  by  §  5 14,  the  points  of  the  horizon  of  the  globe 

will  be  directed  towards  their  refpedtive  points  in  the  horizon  of  the  place 
where  the  globe  is,  and  the  globe  is  then  rectified  to  the  meridian  of  the  place. 

519  Po  reBifiy  the  globe  to  the  prefent  fituation  of  the  earth ,  at  any  hour  of  the 
day:  if  you  be  in  London,  and  would  bring  the  globe  into  the  fituation  the 
earth  is  in  at  four  in  the  afternoon :  rectify  the  globe  to  the  meridian  of 
London,  by  §.  512:  fince  the  rotation  of  the  earth  carries  the  meridian  and 
hour-circles  of  London  upon  the  globe  coinciding  with  the  like  circles  upon 
the  earth,  the  fituation  of  the  globe  will  then  correfpond  to  that  of  the  earth* 
and  if  it  ftands  in  the  fun,  it  will  be  illuminated  as  the  earth  is. 

520  Phe  hour  of  the  day  being  given  at  one  place ,  as  London,  to  find  what 
hour  it  is  at  any  other  place  upon  tire  globe,  as  Naples:  rectify  the  globe  to 
the  horizon  of  London,  by  §  509,  fet  the  hour  index  at  12  at  noon,  turn  the 
globe  round  till  Naples  is  at  the  meridian,  the  index  will  then  fhew  what 
hour  it  is  at  London,  when  it  is  noon  at  Naples:  thus,  if  it  points  at  1 1  in 
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the  morning,  it  fhcws  that  it  is  1 1  in  the  morning  at  London,  when  iris  noon 
at  Naples;  and  consequently,  whatever  is  the  time  given  at  London,  the  time 
of  the  day  at  Naples  is  an  hour  forwarder  in  the  day;  as  if  it  be  2  in  the  after  noon, 
at  London,  it  is  3  in  the  afternoon  at  Naples  &c:  this  problem  may  be  refolved 
more  accurately  without  the  globe,  by  §  333,  and  the  table  §  33  i;'th efe  would 
lhew  us  that  the  time  of  the  day  at  Naples  is  fifty  nine  minutes  and  one  fe- 
cond  forwarder  than  at  London :  it  may  be  proper  to  obferve  once  for  all, 
that  though  globes  ferve  very  well  to  help  the  imagination,  in  conceiving  the 
nature  of  problems  to  be  folved,  yet  they  cannot  come  up  to  the  accuracy  of 
calculation,  in  the  folutions  they  help  us  to. 

52  1  In  the  Jeaman  s  compafs ,  the  circle  of  the  winds  is  drawn  upon  a  card, 
on  the  under  fide  of  which,  under  the  meridian  line  of  the  compafs,  the  ma^- 
n^c  n,eec^e  1S  ^xt>  which  is  then  a  thin  plate  of  Heel  of  the  fliape  reprefent- 
edhg.  67,  or  only  two  wires,  fig.  68,  with  a  fmall  brafs  focket,  by  means  where-  6* 
of  the  card  is  fulpended  horizontally  upon  a  fharp  pin  fet  upright  in  a  box  6i 
and  direded  by  the  verticity  of  the  needle,  fo  that,  by  looking"  thereon,  the 
points  of  the  compafs.  in  the  horizon  of  the  place  where  the  fhip  is  may  be 
known,  allowance  being  made  for  the  variation  :  the  fea man’s  compafs-box 
hath  a  weight  at  the  bottom  of  it,  and  is  hung  in  two  brafs  circles,  to  keep  it 
in  an  hoiizontal  pofition,  notwithstanding  the  motion  of  the  fhip;  it  is  ola- 
ced  111  the  forepart  of  the  fhip,  where  the  pilot  fits,  and  by  looking  upon  his 
compafs  is  able  to  know,  every  moment,  the  points  of  the  compafs  in  the 
horizon  of  the  place  where  the  fhip  is;  and  confequently  can  fleer  her  towards 

what  point  he  pleafes.  How  to  find  the  variation  at  fea  fhall  be  fhewn  here¬ 
after. 


CHAP.  18.  NAVIGATION  EXPLAINED  BY  THE  GLOBE:  THE  RHUMBS. 

522  Navigation  is  the  art  of  guiding  a  fhip  at  fea  from  one  place  to  ano¬ 
ther,  in  the  fafeft  and  moft  convenient  manner:  in  order  to  attain  this  end, 
foui  things  are  efpecially  neceflary ;  1  to  know  the  filiation  and  diftance  of 
the  places:  2  to  know,  at  all  times,  the  points  of  the  compafs:  3  to  know 
the  line  in  which  tne  lliip  is  to  be  directed  from  one  place  to  the  other:  4  to 
know,  in  any  part  of  the  voyage,  what  point  of  the  globe  the  fhip  is  upon. 

523  For  the  nrfl,  the  knowledge  of  the  diflance  and  fituation  of  the  pla¬ 
ces  between  which  a  voyage  is  to  be  made  implies,  befides  a  general  notion 
of  geography,  our  being  acquainted  in  particular  with  the  iflands,  rocks, 
fanos,  fhaits,  rivers,  &c.  near  which  we  are  to  fail;  the  bending  in  or  run- 
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fig.  nin 9'  out  of  the  fhores,  the  figns  of  being  near  land,  which  are,  in  fome  places, 
thelppearance  of  fome  forts  of  birds,  the  floating  of  weeds  upon  the  furface 
of  the  fea,  and  very  near  land,  the  depth  and  colour  of  the  water:  moreover, 
the  knowledge  of  the  time  of  the  winds  fetting  in,  particularly  of  the  trade- 
winds  or  monfoons :  the  feafons  when  ftorms  and  hurricanes  are  to  be^expedt- 
ed.  and  the  figns  of  their  approach:  the  motion  of  currents, ^ but  eipecial  y 
of ’the  tides:,  all  which  is  to  be  learned,  by  the  ufe  of  good  fea-charts  and  jour¬ 
nals  of  voyages,  but  chiefly  by  obfervation  and  expei  ience. 

The  fecond  thing  required  in  navigation  is,  to  know  at  all  times  the 
points  of  the  compafs  in  the  horizon  of  the  place  where  the  fhip  is:  the  an¬ 
cients  to  whom  the  polarity  of  the  loadftone  was  unknown, .  as  well  as  its 
power  to  communicate  that  property  to  iron  and  Reel,  ufed  in  the  night  to 
find  the  north,  by  the  pole  flat;  in  the  day  time  they  found  the  eaft  or  weft, 
by  the  rhino-  or  Vetting  of  the  fun  5  the  method  of  doing  this  (hall  be  (hewn 
hereafter.  Another  way  they  had  of  knowing  the  points  of  the  compafs  was, 
by  a  view  of  the  land:  for  their  maps  fhewed  the  bearings  of  one  head-land  or 
cape  from  another:  for  this  reafon,  the  ancients  could  not  venture  far  from 
ff  ore  where  they  could  have  nothing  to  diredt  them  in  bad  weather,  when 
neither  fun  nor  fears  were  to  be  feen.  The  moderns,  befides  the  methods  tiled 
by  the  ancients,  have  the  advantage  of  the  feaman’s  compafs,  defer ibed  in  the 
foregoing  chapter;  by  means  whereof,  they  can,  at  any  time,  in  the  wide  o- 
ceaif,  and  in  the  darkeft  night,  know  where  the  north  is,  and  confequently, 

the  refl  of  the  points  of  the  compafs.  _  .  , 

r  2  »  The  third  thing  required  to  he  known  in  navigation  is,  the  line  which 

a  (hip  deferibes  upon  the  globe  of  the  earth,  in  going  from  one  place  to  ano¬ 
ther:  this  will  be  treated  of  in  the  remaining  part  of  this  chapter. 

r‘20  'T’be  JhorteJl  way  from  one  place  upon  the  earth  to  another  is  an  arc 
of  a  meat  circle  drawn  through  the  two  places:  'ibe  mofi  convenient  way  for 
a  (hip  is  that  by  which  we  may  fail  from  one  place  to  another,  dn effing  the 
fhip  all  the  while  towards  tire  fame  point  of  the  compafs :  a  fhip  is  guided 
hv  (leering  her ,  or  directing  her  progrefs  towards  fome  point  of  the  compafs : 
the  line  wherein  a  fhip  is  directed  is  called  the  Jhips  courfe ,  which  is  named 
from  the  point  towards  which  fhe  fails:  thus,  if  fire  fails  towards  the  N.  E. 
point  her  courfe  is  faid  to  he  north  eaft:  in  long  voyages,  a  fhips  way  may 
{Q  confift  of  feveral  different  courfes;  as  from  a  to  b,  from  b  to  c,  from  c  to  d, 
fig.  69 :  when  we  fpeak  of  a  fhips  courfe,  we  confider  one  of  thefe  at  a  time: 
navigation  would  be  exceedingly  perplexing,  if  the  courle  were  every  mo¬ 
ment  to  be  changed;  the  ieldomer  it  is  changed,  the  more  eahly  is  a  fhip  gui¬ 
ded-  and  therefore  that  courfe  is  the  molt  convenient  for  failing,  wherein 
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the  fhip  is  directed,  all  the  while,  towards  the  fame  point  of  the  compafs.  fig 

527  If  tw0  pfaces  A  and  z  lye  under  the  fa  me  meridian ,  the  courfe  from 
one  to  the  other  is  due  north  or  iouth :  thus,  fig.  70,  let  az  be  part  of  a  meri-  70 
dian,  if  A  lyes  fouth  from  z,  the  courfe  from  a  to  z  is  north;  and  the  courfe 
from  z  to  a  is  fouth;  the  truth  of  this  is  evident  from  the  nature  of  the  meridian, 
that  it  marks  upon  the  horizon  the  north  and  fouth  points,  and  that  every 
point  of  any  meridian  is  north  or  fouth  from  every  other  point  of  it:  thus,  fig. 

70,  if  Abe  fouth  from  z,  it  is  fouth  fromall  the  intermediate  points,  as  b,c,d,  e, 

&c.  as  maybe  feen  upon  the  globe,  by  bringing  any  of  thole  points  to  the  zenith  70 
point  of  the  meridian;  and  confequently,  it  we  are  to  go  from  z  to  A,  when 

we  are  come  to  any  of  thole  points,  we  muff  continue  the  courfe  fouth,  to  ar- 
live  at  A.  again,  if  z  be  north  from  A,  it  is  north  from  all  the  intermediate 
points,  and  therefore,  if  we  are  to  go  from  a  to  z,  when  we  are  come  to  any 
of  thole  points,  we  mult  continue  our  courfe  north,  in  order  to  arrive  at  z. 
from  this  propolition,  we  may,  by  way  of  converfe,  deduce  the  following  co- 
lohaiy;  if  a  fldp fails  due  north  or  fouth ,  lhe  will  continue  in  the  fame  meridian. 

528  If  two  places  lye  under  the  equator ,  the  courfe  from  one  to  the  other  is 
an  arc  of  theequatoi,  and  is  due  eaft  or  weft:  thus,  fig.  jo,  let  ax  be  part 
of  the  equator,  if  a  be  weft  from  z,  the  courfe  from  a  to  z  is- eaft;  and  the 
courfe  from  ^  to  a  is  weft:  for,  lince  the  equator  marks  the  eaft  and  weft  70 
points  upon  the  horizon,  every  point  of  the  equator  lyes  eaft  or  welt  from  e-  ' 
very  other  point  of  it:  thus,  fig.  70,  if  a  be  weft  from  z,  it  is  alfo  weft  from  e* 
very  intermediate  point,  b,  c,  d,  e,  <kc;  as  may  be  feen  upon  the  globe,  by  pla¬ 
cing  it  as  for  a  right  fphere,  by  §  346,  and  bringing  a  or  z' or  any  of  the  in¬ 
termediate  points  to  the  zenith  of  the  meridian,  and  confequently,  if  we  are 

to  go  from  2  to  a,  when  we  are  arrived  at  any  of  thole  points,  we  mult  con¬ 
tinue  our  courfe  due  weft,  in  order  to  arrive  at  a  :  again,  if  z  be  eaft  from 
a>  it  is  eaft  likewife  from  every  intermediate  point;  and  therefore,  if  we  are 
to  go  from  a  to  z,  when  we  are  come  to  any  of  thofe  points,  we  muft  conti¬ 
nue  our  courfe  due  eaft,  in  order  to  arrive  at  z.  From  hence,  by  way  of  con¬ 
verfe,  we  have  the  following  corollary;  if  a  flip  under  the  equator  fails  eajl 
or  ‘ice/l,  fne  will  continue  under  the  equator.  In  this  cafe,  and  the  foregoing, 

§  527,  the  courfe,  being  an  arc  of  a  great  circle,  viz.  the  meridian  or  equator’ 
is  the  fhortelt  way,  as  well  as  the  molt  convenient. 

52  9  If  two  places  lye  under  the  fame  parallel,  the  courfe  from  one  to  the  0- 
ther  is  due  eaft  or  weft:  this  may  be  feen  upon  the  globe,  by  the  following 
method,  bring  any  point  of  a  parallel  to  the  zenith,  and  ftretch  a  thread  over 
it  perpendicular  to  the  meridian ;  the  thread  will  then  be  a  tangent  to  the  pa- 
railel,  and  Hand  eaft  and  weft  from  the  point  of  contadt:  therefore,  the  con¬ 
verfe 
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fig.  verfe  is  true,  that  if  a  (hip  in  any  point  of  a  parallel  be  directed  eaft  or  weft, 
fhe  will  go  in  a  tangent  to  that  parallel ;  and,  iince  lhe  mull:  go  upon  the  lur- 
face  of  the  globe  of  the  earth,  lhe  will  be  always  in  that  point  of  the  tangent 
which  touches  the  parallel  :  that  is  fhe  will  always  be  in  the  parallel.  Hence 
this  corollary,  If  a  fteip  in  any  parallel  jails  due  eajl  or  weft,  fhe  will  continue 
in  the  fame  parallel.  In  this  cafe,  the  moll  convenient  courfe,  though  not  the 
fhorteft,  from  one  to  the  other  is  to  fail  due  ealt  or  weft. 

330  1  ft  wo  places  a  and  z  lye  neither  under  the  equator,  nor  in  the  fame  ; me¬ 
ridian,  nor  in  the  fame  parallel,  the  moll  convenient,  though  not  the  fhorteft, 
7  1  courfe  from  one  to  the  other  is  in  a  rhumb,  fig.  7 1 :  If  we  fhould  in  this  cafe 
attempt  to  go  the  fhorteft  way,  in  a  great  circle  drawn  through  the  two  pla¬ 
ces,  we  mull  be  perpetually  changing  our  courfe:  for,  whatever  the  bearing 
of  z  is  from  a,  the  bearings  from  all  the  intermediate  points,  as  b,  c,  d,  e,  &c. 
will  be  different  from  it,  as  well  as  different  from  each  other  ;  as  may  eafily 
be  feen  upon  the  globe,  by  bringing  firft  the  point  a,  and  then  the  points 
b,  c,  d,  e,  &c.  fuccefiively  to  the  zenith  of  the  meridian,  and  obferving  the 
bearing  of  z  from  each  of  them:  thus,  fuppofe,  when  the  globe  is  rectified 
to  the  horizon  of  a,  the  bearing  of  z  from  a  be  north  eaft,  and  the  angle  of 
pofition  of  z  with  regard  to  a  450  ;  if  we  bring  b  to  the  zenith  of  the  me¬ 
ridian,  we  fhall  have  a  different  horizon,  and  the  bearing  and  angle  of  po¬ 
fition  of  z  from  b  will  be  different  from  the  former :  and  if  we  go  on,  to 
bring  the  other  points,  c,  d,  e,  &c.  to  the  zenith  of  the  meridian,  we  fhall 
for  each  of  them  have  a  different  horizon,  and  z  will  have  a  different  bear¬ 
ing  and  angle  of  pofition:  from  hence  we  may  draw  this  corollary ,  when 
two  places  lye  one  from  the  other  towards  a  point  not  cardinal,  if  we  fail 
from  one  place  towards  the  point  of  the  others  bearing,  we  fhall  never  ar- 
71  rive  at  the  other  place:  thus,  if  z  lyes  north  eaft  from  a,  if  we  fail  from  a 
towards  the  north  eaft,  we  fhall  never  arrive  at  z. 

71  53  1  A  rhumb  upon  the  globe  is  a  line  drawn  from  a  given  place  a,  fig.  7 1 

fo  as  to  cut  all  the  meridians  it  paffes  through  at  equal  angles:  the  rhumbs 
are  denominated  from  the  points  of  the  compafs,  in  a  different  manner  from 
the  winds :  thus,  at  fea,  the  north  eaft  wind  is  that  which  blows  from  the 
north  eaft  point  or  the  horizon,  towards  the  fhip  in  which  we  are;  but  we  are 
laid  to  fail  upon  the  N.  E.  rhumb  when  we  go  towards  the  north  eaft:  fome- 
times  the  lines  drawn  towards  the  4  cardinal  points  are  called  whole  rhumbs, 
and  the  middle  points  between  them  half  rhumbs,  and  thefe  are  again  divi¬ 
ded  into  quarter  rhumbs:  fometimes  they  divide  the  32  points  into  4  quar¬ 
ters,  and  call  the  rhumb  next  the  eaft  the  firft  rhumb,  the  next  to  that  the  fe- 
cond  rhumb,  &c.  Every  rhumb  bears  a  certain  relation  to  the  meridians 
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through  which  it  is  drawn,  thus,  the  north  rhumb  is  faid  to  make  an  angle  in-  fig. 
finitely  fmall  with  the  meridian,  that  is,  it  is  coincident  with  it*  the  eaft 
rhumb  makes  a  right  angle,  the  half  rhumbs  make  half  right  angles  with 
all  the  meridians  they  pafs  through  &c.  it  is  from  this  relation  that  the  de¬ 
finition  of  a  rhumb  is  taken,  and  from  hence  it  is  faid  to  be  one  effential  pro¬ 
perty  of  a  rhumb  that  it  makes  equal  angles  with  all  the  meridians  it  paffes 
through,  thus,  fig.  71,  the  rhumb  abcdz  palling  through  the  meridians  lm,  71 
no,  po,  makes  the  angles  lab,  nbc,  pcd,  equal,  from  whence  it  follows, 
that  the  direction  of  a  rhumb  is,  in  every  part  of  it,  towards  the  fame  point  of 
the  compafs:  thus,  from  every  point  of  a  north  eaft  rhumb  upon  the  globe  the 
direction  is  towards  the  north  eaft,  and  that  rhumb  makes  an  angle  of  450 
with  every  meridian  it  is  drawn  through :  we  have,  on  large  globes,  the  com¬ 
pafs,  with  rhumb  lines  proceeding  from  the  center  of  it,  drawn  here  and  there 
upon  the  lea:  if  the  center  of  a  compafs  be  in  the  equator,  the  four  whole 
rhumbs  are  arcs  of  great  circles,  namely  the  meridian  and  equator :  if  the 
center  of  a  compafs  be  out  of  the  equator,  the  north  and  fouth  rhumbs  only,, 
are  arcs  of  a  great  circle,  namely  the  meridian  :  every  other  rhumb  is  a  fort 
of  helix  or  lpiral  line,  which  continually  approaches  nearer  to  one  of  the  poles, 
but  never  can  come  to  it. 

532  Another  property  of  the  rhumbs  is,  that  equal  parts  of  the  fame  rhumb 
are  contained  between  parallels  of  equal  difference  of  latitude;  fo  that  a  {hip, 
continuing  in  the  fame  rhumb,  will  run  the  fame  number  of  miles,  in  failing 
from  the  parallel  of  io°  to  the  parallel  of  30°,  as  fire  does  in  failing  from  the 
parallel  of  30°  to  that  of  50°,  or  from  the  parallel  of  50°  to  that  of  70°,  6cc  : 
thus,  fig.  71,  let  lm,  no,  pq,  rs  be  meridians,  ef  the  parallel  of  the  lati-  71 
tude  of  io°,  g  h  the  parallel  of  30°,  1  k  the  parallel  of  50°,  if  we  draw  through 
them  the  rhumb  abcd,  the  lines  ab,  bc,  and  cd  will  be  equal,  upon  the  globe r 
this  rule  is  true,  as  far  as  the  rhumbs  need  be  conlidered  in  navigation,  but  not 
of  any  ule  near  the  poles,  becaufe  the  rhumbs  never  reach  the  poles a. 

333  A  rhumb  may  be  drawn  upon  a  globe  by  two  rulers  bent  according  to 
the  curvature  of  the  globe,  if  one  of  them  ad  be  joyned  at  one  end  a  to  the  72 
middle  of  the  other  ftxt  ruler  cb,  fo  as  to  be  moveable  to  any  angle;  the  fol¬ 
lowing  example  (hews  the  method  of  doing  it:  if  it  be  required  to  draw  from 
the  point  a  the  north  eaft  rhumb,  move  tire  ruler  ad  till  the  angle  bad  is 
450,  the  angle  that  rhumb  makes  with  the  meridian,  then  apply  the  edge  of 
the  ruler  bc  to  the  meridian  e  f,  with  the  vertex  of  the  angle  at  a,  which  is 
to  be  the  center  of  the  compafs,  the  line  ad  drawn  by  the  edge  of  the  move- 

a  Metius  in  doflrina  fphericci  1.  5.  c.  4.  Vide  etiam  de  rhutubis ,  Varen.  geogr.  1.  3.0-  39. 

Ricciol.  geogr.  refori7iat.  lib.  10.  c.  21. 
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fig.  able  ruler  is  the  rhumb  required  from  a  to  d;  which,  by  applying  the  edge 
of  the  fixt  ruler  to  the  next  meridian  c  h,  with  the  vertex  of  the  fame  angle  a 
at  d,  may  be  continued  from  d  to  l  in  the  next  meridian  1  k,  &c:  a  curve 
drawn  through  thefe  points  a,  d,  l,  &c.  will  be  the  rhumb  required.  The  more 
numerous  the  meridians  are,  the  more  exad  will  the  rhumb-lines  be :  if  a  com- 
pafs  with  rhumbs  be  thus  drawn  upon  a  globe,  with  the  center  of  the  compafs 
71  upon  a  given  point  a,  every  rhumb  will  ihew  towards  what  point  of  the  com¬ 
pafs  we  mult  fail,  to  go  from  a  to  any  other  place,  as  b,  c,  d,  &c.  through 
which  that  rhumb  paffes:  thus,  fig.  71,  if  the  rhumb  abcd  be  north  eaft,  we 
71  mull  fail  north  eaft,  to  go  from  a  to  b,  or  to  c,  or  d. 

The  fourth  thing  mentioned  to  be  required  in  navigation  was,  to  know  at 
any  time,  what  point  of  the  globe  a  fhip  is  upon:  but  before  we  proceed  to 
this  we  fhall  conlider  the  nature  and  life  of  maps,  becaufe  maps  are  uled  in 
the  practice  of  navigation,  though  the  theory  be  learned  by  the  globe. 


CHAP.  19.  OF  MAPS  AND  THEIR  USE. 

534  A  map  is  a  reprefentation  of  fome  part  of  thefurface  of  the  earth,  de¬ 
lineated  upon  a  plane:  the  earth  being  round,  no  part  of  the  fpherical  fur- 
face  of  it  can  be  accurately  exhibited  upon  a  plane,  and  therefore  fome  have 
propofed  the  making  of  globular  maps  * for  thispurpofe,  a  plate  ofbrals  might 
be  hammered,  or,  at  a  lefs  expence,  a  piece  of  paftboard  might  be  formed 
into  a  fegment  of  a  fphere,  and  covered  on  its  convex  fide  with  a  map  pro- 
jeded  in  the  fame  way  as  the  papers  of  the  common  globes  are  :  a  map  made 
in  this  method  would  fhew  every  thing  in  the  fame  manner,  as  it  would  be 
feen  upon  a  globe  of  the  fame  diameter  with  the  fphere  upon  the  fegment  of 
which  it  was  delineated  :  and  indeed  maps  of  this  fort  would  be  in  effed 
fegments  of  fuch  a  globe,  but  they  are  not  in  common  ufe. 

535  Maps  are  either  general  or  particular  ;  the  ancients  fometimes  deferi- 
bed  all  the  parts  of  the  then  known  earth  in  one  general  map b,  as  fig.  73  :  in 

73  this  view,  one  of  them  compares  the  fhape  of  the  earth  to  the  leather  of  a 
fling0,  whofe  length  exceeds  its  breadth :  the  length  of  the  then  known  parts 
of  the  earth  from  eaft  to  weft  was  confiderably  greater  than  from  north  to 
fouth  ;  for  which  reafon,  the  former  of  thefe  was  called  the  longitude,  and 
the  other  the  latitude  d. 

536  The  modern  general  maps  are  fuch  as  give  us  a  view  of  an  entire  he- 
mifphere,  or  half  of  the  globe;  and  are  projeded  upon  the  plane  of  fome  great 

a  Ricciol  geogr.  reform.  1.  io.  c  2S.  b  Magini  geogr.  <vet-  if  nov.part.  2.  c  Dionyf. 

per  lege f.  v.  7.  d  Ptolem.  geogr.  1.  r.  c.  6. 
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circle,  which  terminates  the  projected  hemifphere.  and  divides  it  from  the  e- 
ther  half  of  the  globe,  as  the  equator,  or  the  meridian,  or  horizon  of  force 
place:  from  this  circle  the  projection  is  denominated,  and  laid  to  be  equatorea /, 
meridional ,  or  horizontal. 

537  Particular  maps  are  fuch  a$  exhibit  to  us  lefs  than  an  hemifphere;  of 
this  fort  are  maps  of  the  great  parts  into  which  the  earth  is  divided,  as  Europe, 
Alia,  Africa,  North  America,  South  America  ;  or  maps  of  particular  king¬ 
doms,  provinces,  countries,  or  of  leffer  diftriCts. 

538  In  maps  three  things  are  chiefly  required:  the  jr/1  is,  to  fhew  the  lon¬ 
gitude  and  latitude  of  places,  or  the  fituation  they  are  in  with  regard  to  the 
circles  of  the  globe  :  this  all  maps  in  general,  which  are  laid  down  from 
tables  of  longitude  and  latitude,  perform,  by  means  of  the  meridians  and  pa¬ 
rallels  delineated  upon  them,  in  what  manner  foever  they  be  projected:  and 
they  do  this  the  more  accurately,  the  greater  .number  they  have  of  meridians 
and  parallels. 

539  Phe  flecond  requifite  is,  to  exhibit  the  drape  of  countries  the  fame,  and  the 
extent  of  them  in  the  fame  proportion,  as  upon  the  globe:  this  cannot  be  done 
accurately  in  any  general  maps,  except  globular  ones;  but  in  particular  maps, 
which  take  in  but  a  fmall  part  of  the  earth,  as  a  province,  or  county,  the  de¬ 
feat  will  not  be  fenfible. 

540  Phe  third  is,  that  the  bearings  and  diftances  of  places  from  one  another 
be  truly  fhewn:  this  in  globular  maps  would  be  done  in  the  fame  manner  as 
upon  the  globe:  it  is  alfo  done  in  the  true  chart  deferibed  §  553,  fo  as  to  lerve 
the  purpofes  of  navigation  :  but  that  chart  is  very  deficient  in  the  fecond  re 
quilite,  which  was  the  fhewing  countries  in  their  true  fhape  and  proportion. 

54 1  In  general  maps ,  the  circles  of  the  globe  are  projected,  according 
to  the  rules  of  perfpeCtive,  the  moil  ufeful  of  which  to  our  prelent  purpofe 
have  been  already  laid  down  in  the  introduction,  from  §  250  to  the  end.  The 
projections  of  the  circles  in  general  maps  are  of  two  forts,  one  convex,  the  other 
concave :  to  underftand  which,  we  may  imagine  the  globe  upon  which  the 
circles  are  delineated  to  b©  of  thin  glafs,  and  that  half  of  it  is  viewed  at  a 
time  ;  now  we  may  be  conceived  to  view  this  hemifphere,  either  on  the  con¬ 
vex  or  concave  fide,  and  we  may  fuppofe  it  to  be  placed  at  different  diftances 
from  the  eye;  from  which  diverlity  of  our  view,  there  will  arife  different 
projections,  or  pictures  of  it  111  a  map:  if  the  eye  be  fuppofed  to  view  the 
hemifphere  at  an  infinite  difhance,  th z  projection  of  its  circles,  whether  it  be 
viewed  on  the  convex  or  concave  fide  will  be  the  fame,  namely  the  orthogra¬ 
phic,  deferibed  §  254  :  in  this  projection,  the  parts  about  the  middle  are  very 
well  exhibited,  but  the  extream  parts  are  very  much  contracted:  the  reafon 
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C '  .  •  1.  ;f  We  confider  fig.  147  and  148  of  the  introdudtion,  whicn 

FIG'  (hew  us  that  the’orthographic  projections  of  convex  and  concave  femictrcles 
divided  into  equal  parts  are  fimilar,  and  if  the  planes  of  them  continued  afs 
t  rouah  heeve  they  are  ftrait  lines,  unequally  divided,  fo  as  to  nave  their 
S  S  kfi  near  their  ext, -earns  than  about  the  middle.  It  we  imagine 
two*  femicirclcs  cutting  each  other  at  right  angles  to  be  drawn  upon  aglafs  he- 
p-ifphere  with  divifions  marked  at  every  tenth  degree,  and  viewed  at  an  m..- 
nite^cl  ftance  with  the  eve  in  Inch  a  fituation  that  the  planes  of  both  lemicn- 
cles  continued  pafs  through  it,  the  orthographic  projedhon  of  them,  w hu..c 

„v  wiii  ke  the  lines  ac  and  1;  i),  fig.  74,  with  the  unequa 

74  divifions  through  which  I  have  drawn  circles.Tofhew  the orthographic  equato- 
/  pnjctfiop  fig.  74  is  the  orthographic  projedhon  of  the  circles  upon  theplme 
7C  o4eea  'tor-  and  fi.u  7 is  a  eateml  map  of  the  northern hem.fphere,  form- 
7  5  S  uPrt  projeaionl  W*e  meridians  are  all  ftrait  lines  and  the  paraJU 
le  s  c"in  pleat  circles.  For  an  example  of  the  orthographic  meridional proton, 

(  fi.  ,6  is1  an  orthographic  projection  of  the  circles  upon  the  plane  of  a  men- 
7l  dfin  .  and  fig.  77  Is  a  general  map  of  an  hemifphere,  formed  upon  that  pro- 
7/  jedtion:  here, “all  the  meridians  are  projedted  into  femielhpfes,  by  §  258,  ex¬ 
cept  that  the  plane  of  which  produced  paffes  through  the  eye,  and  that  is  a 
ftrait  line  by  §  258:  this  projedtion  has  one  advantage  not  to  be  found  m  any 
other  general  map,  namely,  that  the  decreafe  of  the  parallels  from  the  equa- 

tor  to  the  poles  appears  therein  in  true  proportion.  # 

The  orthographic  horizontal  projeBion  has  great  variety,  according  to 

-g  the  different  latitude  of  places,  and  is  pretty  difficult  to  execute;  fig.  78, 

'  though  not  perfectly  exadt,  will  ferve  to  give  any  pedon  an  idea  of  it ,  tl 
center  of  this  map  is  in  Chaldea,  about  the  place  where  I  fuppole  L  r  ot  me 
Chaldees  to  have  been  fituated,  it  is  therefore  projected  upon  the  honzoi 
that  place  or  near  the  matter :  it  was  delineated  by  me  in  the  camera  obfeura , 
from  Scncxs  -meat  globe,  as  was  alio  the  map  fig.  79:  m  a  map  drawn  this 
wav  the"  ex  cream  prts  are  a  little  more  con  traded  than  in  the  orthographic 
proieftion  from  which,  notwithftanding  it  differs  very  little  m  the  mam, 
hough  in’ the  orthographic  projection  the  globe  is  luppoled  to  be  at  an  in¬ 
finite' dlftance  but  in  this  is  placed  at  a  moderate  diftance  from  the  ej  e. 

la  The  great  contradlion  of  the  extream  parts  in  the  orthographic  pro¬ 
jection  makes  it  fo  deficient  in  the  fecond  quality  required  in  maps,  mat  it 
is  feldom  ufed,  except  when  the  difk  of  the  earth,  in  a  lolai  ec  ip  , 
exhibited  ;  of  which  in  its  proper  place:  the  method  commonly  made  tut  c 
in  the  conft tuition  of  maps  is  the  JlercographicJrojea, on,  wherein  the  eye  is 
luppoled,  from  fome  point  in  the  forfaceof  a  lphere,  to  view  the  concave^ 
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the  oppofite  hemifphere:  in  this  projection,  the  parts  about  the  middie  are  a  fk.- 
little  contracted,  fo  as  to  be  too  final  1  for  the  extream  parts,  the  reafon  where¬ 
of,  will  appear  from  fig.  156  of  the  introduction,  which  thews  us,  that  if 
a  concave  femicircle  with  equal  divisions  be  viewed,  with  the  eye  in  the  plane 
of  it  continued,  at  the  diltance  of  a  femidiameter  from  its  center,  the  pro¬ 
jection  will  be  a  flrait  line  unequally  divided,  the  parts  appearing  lets  the 
nearer  to  the  center;  confequently,  if  two  lemicircles  cutting  one  another  at 
right  angles,  drawn  upon  a  concave  hemifphere,  and  marked  with  equal  divi¬ 
sions  be  viewed  in  the  manner  now  deferibed,  the  projection  of  them  will  be 
ftrait  lines  unequally  divided,  as  a  c  and  bd,  fig.  80;  the  partsappearing  So 
lefs,  the  nearer  to  the  center:  however,  in  this  projection,  the  proportion  be¬ 
tween  the  middle  and  the  extream  parts  is  much  better  preferved  than  in  the 
orthographic.  The  ft  er  cographic  proje&ion  is  alfo  either  equator  eal,  meridional^ 
or  horizontal. 

544  The  equatoreal projection  fuppofes  the  eve  to  be  fuuated  in  one  of  the 
poles  of  the  earth,  and  from  thence  to  view  the  oppofite  concave  hemifphere, 
with  its  circles,  projected  upon  a  plane  of  glafs  palling  through  the  equator: 
thus,  the  eye  is  fuppofed  to  be  in  the  north  pole,  in  order  to  view  the  fou th¬ 
em  hemifphere;  and  in  the  fouth  pole,  to  view  the  northern  hemifphere;  fig. 

80  is  the  itereographic  projection  of  the  circles  upon  the  plane  of  the  equa-  80 
tor,  and  fig.  8  1  is  a  map  of  the  northern  hemifphere,  upon  that  projection:  81 
here,  the  meridians  are  all  ftrait  lines,  and  the  parallels  are  compleat  circles. 

545  The  meridional  projection  fuppofes  the  eye  to  be  in  lorne  point  of  the 
equator,  and  from  thence  to  view  the  oppofite  concave  hemifphere,  project¬ 
ed  upon  a  glafs  plane  palling  through  fome  meridian ,  which  a  meridian 
drawn  through  the  eye  cuts  at  right  angles  :  fig.  82  lhews  the  projection  of  82 
the  circles  upon  a  meridian,  and  fig.  83  is  a  map  of  the  earth  in  two  hemi-  8  ] 
fpheres,  projected  upon  the  plane  of  a  meridian  palling  through  one  of  the 
Canary  i (lands  called  Ferro  :  this  meridian  is  made  choice  of,  becaufe,  by 
making  the  projection  thereon,  one  hemifphere  contains  Europe,  Alia,  and 
Africa;  and  the  other,  north  and  fouth  America:  here,  all  the  meridians  are 
arcs  of  circles,  except  that  drawn  through  the  eve  which  is  a  ftrait  line ;  all 
the  parallels  alfo  are  arcs  of  circles,  the  equator  is  a  ftrait  line. 

546  There  is  another  meridional  projection  invented  by  M.  de  la  Hire , 
wherein  the  diltance  of  the  eye  from  the  plane  of  the  meridian  upon  which 
the  projection  is  made  is  fuppofed  to  be  equal  to  the  fine  of  the  angle  of  450; 
this  projection  comes  the  neareft  of  all  to  the  nature  of  the  globe,  becaufe  the 
meridians  are  let  therein  at  equal  diltances,  the  parallels  alfo  are  nearly  equi- 
diftant;  I  fee  no  good  reafon  why  our  geographers  do  not  makeufe  of  it:  fig. 
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fig.  fig.  84  is  the  proiedicn  of  an  hemifphere  with  its  circles,  according  to 'M.de  la 

84  Hire’s  method ;  and  fig.  8  5  exhibits  a  map,  of  the  two  hemifpher  es  of  the 

85  according  to  that  projection.  Bion ,  ufage  Hes  globes,  l.  3.  c.  i.  §2. 

,,7  In  the  horizontal  projection,  the  eye  is  fuppofed  to  be  111  that  point  of 
the  fin-face  of  the  globe  which  is  diametrically  oppoiite  to  the  place  upon  tne 
horizon  of  which  "the  projedion  is  made,  and  from  thence  to  view  the  op - 
polite  concave  hemifphere  with  its  circles,  projected  upon  a  glafs  plane  pal- 
fin  v  through  that  horizon:  thus  if  we  projed  a  map  of  this  foil  upon  the  ho- 
ri-on  of  London,  the  eve  is  fuppofed  to  be  at  the  place  of  the  Antipodes  to 
London  and  from  thence  to  view  the  concave  hemifphere:  there  is  great 
variety  in  this  fort  of  projedion,  for  if  the  place  the  horizon  of  which  it  is 
upon  be  under  the  pole,  the  horizontal  projedion  is  the  fame  as  the  equato¬ 
rial  S  C44:  if  the  place  be  under  the  equator,  it  is  the  fame  as  the  rneridi 
nal  Vnt ' :  if  the  place  be  in  an  oblique  fp’nere,  the  projection  will  be  dirterent 
according  to  the  different  latitude  of  the  place:  for  it  will  approach  nearer  to 
the  equ storeal  or  meridional  projedion  ;  according  as  the  peace  is  nearer  o 
86  one  of  the  poles,  or  to  the  equator:  fig.  86  is  an  horizontal  projection  for  the 
S7  latitude  of  5  ff  3  1',  and  fig.  87  is  a  map  projected  upon  the  horizon  of  London, 

'  whole  latitude  is  5 1°  3  T  :  the  chief  advantage  of  tms  kind  of  maps  is  the, 
that  the  place  upon  the  horizon  of  which  the  map  is  projeded  is  always  in 
the  center  of  it,  and  we  may  fee  the  bearings  of  places  bom  it. 

A  particular  map  is  a  part  of  a  general  one,  and  may  be  made  upon 
the  fame  principles,  as,  by  projecting  a  large  hemifphere  and  taking  fo  much 
es  of  it  as  the  map  is  defigned  to  contain;  thus,  fig.  88,  from  the  hemifphere 
U8  "  te  may  take  aSc  d  ;  when  a  large  part  of  the  earth  is  to  be  repre- 
lented  the  meridional  projedion  deferibed  §  545  «  commonly  made  ufc  of. 

/,  a  When  we  are  to  delineate  «  map  of  a  Jmaller  part  of  the  earth,  if  it 
be  near  the  equator,  the  meridians  and  parallels  may  be  reprefented  by  eqm- 
,;0  diftant  ftrait  lines:  as  fig.  90,  if  at  feme  diftance  from  the  equator  the  p  - 
9  ra'lels  may  be  equidiftant  ftrait  lines,  and  the  meridians  ftrait  lines  a  little 

01  converting  towards  the  neareft  pole;  as  fig.  91-  or  the  m®ndianS  n“>  'Cf 
ftrait  lines  converging  towards  the  neareft  pole,  and  the  parallels  cncuLu  . 

80  this  kind  is  the  map  of  Europe,  fig.  89,  taken  from  Senex 

o  When  we  are  to  make  ,  map  of  a  very  f  nail  d final,  as  of  a  county, 

or  hundred,  whatever  part  of  the  earth  it  be  in,  the  meridians  and  parallels 

may  be  equidiftant  ftrait  lines,  drawn  through  every  minute,  01  every  4, 

10,  or  15  ,  &c.  of  longitude,  according  as  the  largeneis  of  the  map  wi  a  '  • 

for  as  a  fmall  part  of  a  great  circle  upon  the  earth  does  not  differ  y 
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from  a  ftrait  line,  fo  a  fmall  part  of  the  fpherical  furface  of  the  earth  differs  fig. 
not  fenfibly  from  a  plane. 

^51  Sea  charts  are  particular  maps,  for  the  ufe  of  navigation,  wherein  is  ex¬ 
hibited  fome  part  of  the  lea,  with  the  fhores  that  bound  it:  the  inland  parts  are 
often  omitted  as  of  no  ufe  to  the  failor,  except  where  there  are  large  rivers  for 
him  to  go  up,  or  fea-marks  for  him  to  lee  at  a  didance ;  but  the  parts  ot  the 
fea  near  the  fhore  are  carefully  laid  down,  with  marks  dignifying  rod  cs,  lands, 
or  flats,  and  figures  exprelfing  the  foundings ,  or  depth  of  the  water:  lea-charts 
are  of  two  forts,  as  in  the  two  following  fections. 

552  ‘The  plain  chart  is,  where  meridians  and  parallels  are  exprefled  by  equi- 
diftant  ftrait  lines,  as  fig.  90:  this  Ihews  the  longitude  and  latitude  of  places  90 
very  well,  but  is  erroneous  in  {hewing  the  rhumb  which  mu  ft  be  failed  up¬ 
on,  to  go  from  one  place  to  another,  except  when  the  places  are  very  near 
the  equator  ;  becaule  no  allowance  is  made  therein  lor  the  decreafe  of  the  pa¬ 
rallels  abovementioned,  chap.  17. 


553  In  Wright's  chart,  commonly  called  Mercator  s,  the  meridians  and  pa¬ 
rallels  are  both  expreft  by  ftrait  lines,  but  from  the  equator  towards  the  poles 
the  length  of  a  degree  upon  the  meridians  is  increaled,  in  the  fame  propor¬ 
tion  as  the  length  of  a  degree  decreafes  in  the  parallels,  upon  the  globe.  To 
underftand  the  nature  of  this  chart,  we  may  fuppofe  the  globe,  with  its  ufual 
delineations  upon  it,  to  be  put  into  an  hollow  cylinder  of  the  fame  diameter 
with  the  equator,  with  its  axis  coincident  with  the  axis  of  the  cylinder,  and 
then  to  fwell,  as  if  it  were  blown  like  a  bladder,  all  the  parts  firctching  uni¬ 
formly,  fo  that  the  meridians  lengthen  in  the  fame  proportion  as  the  paral¬ 
lels  do,  till  every  part  of  its  furface  touches  the  concave  furface  of  the  cylin¬ 
der:  then  would  each  parallel  have  the  fame  diameter  with  the  equator,  the 
meridians  would  be  ftrait  lines,  parallel  to  each  other,  and  confequently  in 
all  latitudes  would  have  the  fame  diftance,  as  on  the  equator,  they  would  al¬ 
io  be  lengthened  in  the  proportion  before  mentioned,  from  the  equator  to¬ 
wards  each  pole:  and  the  rhumbs  would  unbend,  and  be  projected  into  ftrait 
lines  upon  the  furface  of  the  cylinder:  if  we  imagine  the  furface  of  this  cy¬ 
linder  to  be  cut  open,  along  one  of  the  meridians;  and  unbent  into  a  paral¬ 
lelogram,  the  projection  of  the  meridians  and  parallels  would  appear  as  in 
fig.  92:  if  places  are  laid  down  therein,  from  a  table  of  longitude  and  lati-  92 
tude,  the  map  will  indeed  be  very  deficient  in  the  third  particular  required 
in  maps,  but  is  neverthelefs  vaftly  more  convenient  for  navigation  than  any 
other  fort  of  maps  whatfoever,  becaule  the  rhumbs  are  here  reduced  to  ftrait 
lines,  fo  that  we  need  only  draw  a  ftrait  line  between  any  two  places,  in  or¬ 
der  to  find  what  rhumb  we  muft  fail  upon,  to  go  from  one  place  to  another. 
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c  -4  Maps  have  ufually  a  compafs  drawn  upon  them,  by  which  the  north 
fide  may  be  known  :  when  we  ule  a  map  upon  a  table,  we  generally  lay  it 
with  the  north  fide  fartheft  from  us;  and  when  a  map  is  hung  upon^a  wall, 
the  north  is  placed  uppermoft:  in  both  thefe  cafes,  the  eaft  lide  of  the  map 
is  on  the  right  hand,  the  weft  on  the  left,  I  need  not  fay  the  fouth  is  oppo¬ 
se  to  the  north:  the  lines  drawn  from  eaft  to  weft  are  parallels,  the  two  ex- 

89  tream  parallels  as  ab  and  CD,  fig.  89,  90,  91,  92,  are  divided  into  degrees, 

90  and  each  degree  into  halves  and  quarters  of  a  degree,  or  into  5,  10,  or  ling, e 

91  minutes,  according  to  the  largenefs  of  the  map:  the  lines  from  north  to  fouth 

92  are  rneiidians,  the  two  extream  meridians  AC  and  bd  are  divided  into  de- 
arees  of  latitude,  and  each  degree  into  halves,  quarters,  &c. 

"  err  To  find  the  latitude  of  a  place  in  a  map:  ftretch  a  thread  over  the  paice, 
fo  that  it  may  cut  the  fame  degree  and  minute  of  latitude,  in  the  two  outfide 
00  meridian:  ac  and  bd  ;  the  degree  and  minute  marked  by  the  thread  in  thole 

91  meridians  is  the  latitude  of  the  place:  thus,  fig.  90,  91,  92,  the  latitude  of 

92  the  place  r  is  540.  30'. 

rr6  To  find  the  longitude  of  a  place  in  a  map  :  ftretch  a  thread  ovei  tie 
place,  fo  that  it  may  cut  the  fame  degree  and  minute  in  the  two  extream  pa- 
no  rallels  ab  and  cd,  fig.  90,  91,  92;  the  degree  and  minute  cut  by  the  thread 

91  is  the  longitude;  thus,  the  longitude  of  r  is  30°.  15  :  we  may  ufe  the  erge 

92  of  a  ruler  inftead  of  a  thread.  .....  _  . 

r  cy  T’o  find  a  place  in  a  map ,  its  longitude  and  latitude  being  given:  ltietch 

one  thread  over  the  degree  and  minute  of  latitude  in  the  two  extream  me¬ 
ridians  ac  and  bd,  fig.  90,  91,  92,  and  another  thread  over  the  degree  and 
minute  of  longitude  in  the  two  extream  parallels  ab  and  cd;  the  point  where 
the  threads  crofs  one  another  will  fhew  the  place.  This  method  will  alfo 
ferve  to  infert  a  place  in  a  map ,  its  longitude  and  latitude  being  given. 

r  r 3  What  has  been  faid  in  the  three  fe&ions  immediately  preceding,  is 
applicable  only  to  fuch  maps  as  have  either  the  meridians,  or  parallels  or 
both,  reprefented  by  ftrait  lines;  as  fig.  89,  90,  91,  and  92:  in  a  map  where 
Q0  the  parallels  are  expreft  by  curves,  as  fig.  89,  to  find  the  latitude oj  anyplace ; 
9  draw  with  a  pencil,  or  imagine  to  be  drawn,  a  parallel  through  it,  and  the 
decree  which  is  cut  in  the  extream  meridians  ac  and  bd  is  the  latitude  of 
that  place:  in  a  map  where  the  meridians  are  expreffed  by  curves,  as  fig.  88, 
to  find  the  longitude  of  any  place ;  draw  with  a  pencil,  or  imagine  to  be  drawn 
a  meridian  through  it,  and  the  degree  where  it  cuts  the  equator,  or  one  of 
the  extream  parallels  ab  or  c  d,  ftiews  the  longitude  of  that  place. 

c  ,0  The  fourth  thin^  neceflary  to  be  known  in  navigation  was,  to  find  at 
any  tlJ!t  part  of  the  globe  a  flip  is  upon  :  the  chief  problem  in  naviga- 
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tion  is,  to  find  in  what  courfe  a  (hip  mult  fail,  in  order  to  arrive  at  the  place  fig. 
to  which  the  is  bound:  for  this  purpofe  it  is  previoufly  neceflary  to  know, 
in  what  place  the  fhip  is.  The  port  from  whence  a  fhip  begins  her  voyage 
is  fuppofed  to  be  known,  as  ro  longitude  and  latitude,  and  to  be  fet  down  In 
tite  cnai  t :  when  the  fhip  has  failed  lome  time,  as  24  hours,  it  is  ufual  to 
find  the  point  upon  the  chart  where  the  fhip  is  then  fuppofed  to  be  :  this 
point  is  marked  by  fome  with  the  prick  of  a  pin  :  this  point  being  found,  a 
lme  drawn  from  it  to  the  place  we  are  bound  to  {hews  the  courfe  to  be  bail¬ 
ee..  upon ;  and  we  may  find  what  rnumb  it  is,  if  we  obferve  what  angle  that 
line  makes  with  the  meridians  in  the  chart:  thus,  fig.  92  if  a  fhip  lets  out  92 
fiom  e,  and  is  found  to  be  arrived  at  f,  if  we  are  to  go  to  g,  the  line  f  g  i 


is 


the  couile  to  be  failed,  and  the  angle  which  this  line  makes  with  the  meri¬ 
dian  is  eaflly  found  by  the  protractor,  introd.  §33;  or  if  a  compafs  drawn 
upon  a  thin  transparent  piece  of  horn  be  laid  with  its  center  upon  f,  and  its 
meridian  upon  the  meridian  of  f,  the  edge  of  a  ruler  layed  from  f  to  g  will 
fliew  the  rhumb  to  be  taken:  the  angle  hfg  in  the  example  before  us  is 
450,  therefore  the  rhumb  is  north-eaft.  See  the  table  §  570. 

560  'the  finding  the  place  where  the  Jhip  is ,  which  is  ufually  done  every  day 
at  12  a  clock,  depuids  upon  four  things  ;  viz.  1  the  longitude ,  and  2  the  lati- 
tiuic  of  that  place,  3  the  courfe  the  blip  has  run,  4  the  difiance ,  that  is  the 
way  ihe  has  made,  or  the  number  of  leagues  or  miles  Ihe  has  run  in  that 
courfe,  from  the  place  of  the  laffc  oblervation:  now  any  two  of  thefe  beirw 
known,  the  reft  may  eafily  be  found. 

56 1  7/  the  longitude  and  latitude  be  known ,  nothing  more  is  requifite;  for 
the  place  may  be  marked  upon  a  globe,  by  §  50 7,  or  upon  the  chart,  by  ^  557 : 
but  how  to  find  the  longitude  at  fea,  with  certainty,  is  not  yet  dilcovered ; 
what  attempts  have  been  made  towards  it,  fhall  be  {hewn  in  its  proper  place: 
in  the  mean  time,  we  will  leave  it  out  of  the  prefent  confideration,  except 
io  far  as  it  may  be  found  by  the  courfe  or  d  iff  a  nee,  as  in  §  562,  cafe  1  and  2  : 
we  proceed  now  with  the  courfe,  diftance,  and  latitude. 

562  From  the  courfe  and  difiance  to  find  the  fhip’s  place  :  here  are  four 
cafes,  1,  if  the  courfe  has  been  under  the  fame  meridian ,  as  §  527,  then  the  di¬ 
ftance  in  geographical  leagues  or  miles  turned  into  degrees  and  minutes  will 
give  us  the  latitude,  and  confequently  the  fhip’s  place;  the  longitude  being 
tne  fame  as  at  tne  laft  oblervation:  thus,  fig.  92,  if  a  {hip  in  failing  from  f 
towatds  z,  has  run  40  leagues,  or  120  geographical  miles,  which  are  thofe 
in  ufe  at  fea,  whatever  the  latitude  of  f  was,  the  latitude  of  the  place  Ihe  is 
now  come  to  will  be  20  different  from  it;  that  is,  it  will  be  20  lefs  if  {lie  has 
failed  towards  the  equator,  and  2°  more  if  from  the  equator:  thus,  if  the  la¬ 
titude 
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ti tude  oi  f  wits  30°  north,  and  the  drip  has  failed  40  leagues  north,  lne  will 
he  in  32°  north  latitude  ;  and  fince  (lie  continues  in  the  lame  meridian  f  z, 
her  place  is  that  point  or  this  meridian  which  is  cut  by  the  paiallel  or  32 
north  latitude:  to  find  this  point,  fet  one  foot  of  a  pair  of  companies  upon  the 
30’  in  one  of  the  extream  meridians  in  the  chart,  and  the  other  upon  the 
3  20  of  the  fame,  then,  with  this  opening,  fet  one  foot  upon  f,  and  turn  the 
other  north,  and  where  it  falls  upon  the  fame  meridian,  as  at  h,  there  iS  the 
flrip’s  place. 

Gale  2,  If  the  courfe  has  been  in  the  equator,  as  §  528,  the  diflance  in  league* 
or  miles  turned  into  degrees  and  minutes  gives  us  the  difference  of  longitude: 

92  thus,  llg.  92,  if  a  fliip  failing  from  a  towards  q  has  run  40  leagues  or  120 
miles  eafl,  her  place  is  then  20  eall  from  a ,  that  is,  at  b. 

Cafe  3,  If  the  courfe  has  been  in  a  parallel,  as  §  529;  turn  tne  did  a  nee  in 
leagues  or  miles  into  degrees  and  minutes,  and  take  the  meafure  of  thole  de¬ 
grees  and  minutes  upon  one  of  the  graduated  meridians,  with  a  pair  of  com- 
paffes,  letting  one  foot  as  much  above  the  parallel  as  the  other  below  it} 
then  carry  this  diflance  to  the  parallel,  and  fet  it  off  from  tne  place  failed 
from,  towards  the  eafl  or  weft,  according  as  the  courfe  has  been:  thus,  fig. 

92  92,  if  a  fhip  failing  from  f  in  the  latitude  of  30°  has  run  180  miles,  that  is, 
20, 'eafl,  take  the  diflance  of  20  with  a  pair  of  compaffes,  letting  one  foot  up¬ 
on  the  meridian  ac  in  the  290,  and  opening  the  othei  to  3  1  ;  cany  thio  de¬ 
fiance  to  the  courfe,  fet  one  foot  upon  f,  and  turn  the  othei  eafl,  and  where  it 


falls,  as  at  the  point  1,  there  is  the  fliip’s  place. 

Cafe  4,  If  the  courfe  has  been  oblique ,  that  is,  towards  a  point  not  cardinal, 
tum  the  diflance  in  leagues  or  miles  into  degrees  and  minutes,  then  fet  one 
foot  of  a  pair  of  compaffes  upon  one  of  the  graduated  meridians,  in  tire  lati¬ 
tude  failed  from,  and  extend  the  other  north  or  fouth,  according  as  the  courfe 
has  been,  till  it  takes  in  the  number  of  degrees  and  minutes  the  fhip  has  run  ; 
carry  this  diflance  and  let  it  off  upon  the  line  of  the  courfe,  from  the  place  of 
the  lafl  obfervation,  and  you  will  have  the  flop's  place,  without  any  conli- 
Q2  derable  error :  thus,  if  f  the  place  failed  from,  be  in  the  latitude  of  30  ,  and 
the  drip  has  run  60  leagues  or  180  miles,  which  is  equal  to  30,  in  a  irorth- 
eafl  courfe  fl,  fet  one  foot  of  a  pair  of  compaffes  on  the  graduated  meridian 
ac  in  30°,  and  extend  the  other  northward  to  330,  then,  with  this  opening 
fet  one  foot  of  the  compaffes  upon  f,  and  at  g,  where  the  other  foot  falls  up¬ 
on  the  line  f  l,  there  is  the  drip’s  place. 

363  From  the  cour/e  and  latitude  given,  to  find  the  drip  s  place,  diaw  the 
line  of  the  courfe,  and  lay  the  edge  of  a  ruler  over  the  degiee  oi  latitude  in 

tire  two  graduated  meridians }  the  point  where  the  edge  of  the  ruler  cuts  the 

line 
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line  of  the  courfe  is  the  (hip’s  place;  thus,  fig.  92,  fuppofe  a  flap  failing  from 
F  north-eafi  is  come  into  40°  of  north  latitude,  for  the  line  of  the  courfe  draw 
fl,  making  an  angle  of  43°  with  the  meridian,  where  this  line  is  cut  by  the 
line  mn,  the  parallel  of  4°°>  namely  at  o,  is  the  place  of  the  fliip. 

564  From  the  di fiance  and  latitude  given,  to  find  the  flop’s  place  :  lay  the 
edge  of  a  ruler  over  the  degree  of  latitude  in  the  two  graduated  meridians, 
take  the  diflance  turned  into  degrees  and  minutes,  with  a  pair  of  com  pa  fie*, 
by  §  562,  cafe  4,  fet  one  foot  upon  the  place  the  fliip  failed  from,  and  where, 
with  this  opening  of  the  compafles,  the  other  foot  touches  the  edge  of  the 
ruler,  there  is  the  place  of  the  fliip:  thus,  fig.  92,  if  a  fliip  failing  from  e  is 
come  into  the  latitude  of  140  north,  and  the  diflance  in  leagues  amounts  to 
5  4  j  meafure  3  *  from  e  northwards  upon  the  meridian  ac,  with  the  compafics, 
then  fet  one  foot  upon  e,  where  the  other  touches  the  line  pp,  namely  at  s, 
is  the  place  of  the  fliip:  in  finding  the  place  of  the  fliip,  by  the  foregoing 
propofitions,  we  have  fuppofed  two  of  thefe  three  things  to  be  exactly  known, 
1  the  courle,  2  the  diflance,  3  the  latitude  of  the  place  the  fliip  is  arrived 
at;  if  there  is  uncertainty  in  any  of  thefe  data ,  it  will  occafion  a  like  uncer¬ 
tainty  in  the  place  of  the  fliip:  the  method  of  finding  each  of  them,  and  how 
far  it  may  be  depended  upon,  will  be  fhewn  in  the  following  fedtions. 

5  65  To  find  the  courfe:  this  is  known  by  the  fea-compafs,  §  52  1  and  524, 
but  with  thefe  uncertainties,  1  the  variation  cannot  be  always  exactly  known, 
for  want  of  obfervations,  2  a  current,  or  3  the  ebbing  and  flowing,  or  4  the 
rolling  of  the  lea,  may  carry  the  fliip  out  of  the  line  in  which  flie  is  direded, 
5  the  wind,  when  the  fliip  does  not  fail  exadly  before  it,  which  is  feldorn 
the  cafe,  drives  the  fliip  out  of  the  courfe  in  which  file  is  directed;  this  al¬ 
teration  of  her  courfe  is  called  her  lee-way,  and  allowance  for  it  mull  be  made, 
in  order  to  find  the  true  courfe:  but  this  lee-way  is  different,  according  to 
the  different  angles  the  wind  makes  with  the  intended  courfe,  the  different 
ffrength  of  the  wind,  and  the  number  of  fails  made  ufe  of. 

566  To  find  the  difiance ,  or  number  of  miles  the  fliip  has  run :  this  is  home- 
times  gueffed  at,  by  knowing  how  far  the  fliip  will  fail  in  fuch  a  time,  with 
fuch  a  wind,  which  is  found  by  experience,  by  obferving  how  far  fhe  has 
failed  in  fuch  a  time,  under  the  fame  meridian,  or  near  it,  when  the  diflance 
may  be  pretty  exactly  meafured,  by  the  difference  of  latitude:  but  the  1110ft 
certain  way  of  reckoning  the  diflance  is  by  the  log-lme  :  the  log  is  a  triangu¬ 
lar  pace  of  board,  poized  with  lead  at  one  corner,  to  make  it  i'wim  upright: 
it  is  faflened  to  tne  end  of  a  line  which  is  divided  into  equal  parts,  the  divi- 
fions  are  called  knots ,  becaufe  every  one  of  them  is  marked  with  a  knot,  that 
they  may  be  counted  in  the  dark,  by  feeling  them  with  the  fingers:  a  knot 
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fhould  be  an  aliquot  part,  it  isufually  the  1 20th  part,  of  a  geographical  mile, 
that  it  may  bear  the  fame  proportion  to  a  mile,  as  half  a  minute  does  to  an 
hour  theUne  is  wound  upon  a  reel  which  turns  round  eafily,  and  is  placed 
in  the  hinder  part  of  the  fhip:  when  they  heave  the  log  as  they  commonly 
do  once  every Phour,  they  let  it  down  into  the  water,  and  when  ten fathom 
are  crone  from  off  the  reel,  the  log  is  fuppofed  to  be  out  of  the  eddy  of  tie 
)hit>?s  wake  then  the  half  minute  glafs  is  turned  up,  and  when  it  is  run  out, 
{yL  ftop  the  reel,  and  obferve  how  much  line  is  wound  off,  to  find  how  for 
he  log  is  run  from  the  fhip,  or  rather  the  fhip  from  the  log,  in  that  time  t 
and  conclude,  that  as  many  knotsas  run  off  from  the  reel  in  half  a  minute,  fo 
many  miles  the  (hip  foils  in  an  hour:  thus,  if  6  knots  run  off  m  -fa  mnmte 
the  (hip  foils  at  the  rate  of  6  miles  an  hour:  but  here  l.kewife  muff  be  fome 
uncertainty,  from  the  rolling  of  the  fea  when  it  runs  high,  from  the  dr 
of  currents,  and  from  the  difference  of  the  wind,  which  feldom  continues  ex¬ 
actly  in  the  fame  tenor  for  an  hour  together.  .  - 

<67  Vitruvius  /.  10.  c.  14.  mentions  a  method  ufed  by  the  ancients  ol 

meafuring  a  (liips  way  by  wheels  on  the  outfide,  which  being  turned  round 
bv  the  water,  turned  other  wheels  with  their  indexes  within  the  fhip,  in  the 
fame  manner  as  the  wheel  of  a  coach  is  made  to  turn  the  wheels  of  away- 
vifer  and  (hew  the  diftance  travelled  by  land*:  De  Chales,  Navigat.  l-S-tr0P- 
6.  describes  a  machine  by  which  the  ftrength  of  the  wind  may  be  eftimated, 

this  alfo  would  be  of  ufe  to  mealure  a  (hips  way11.  _ 

-68  To  find  the  latitude:  this  is  done  by  taking  with  inftruments  the  me¬ 
ridian  height  of  the  fun,  or  flats;  but  cannot  be  done  fo  accurately  at  (ea  as 
at  land,  by  reafon  of  the  motion  of  the  fhip:  however,  the  latitude  is  found 
with  much  greater  certainty  than  either  the  courfe  or  diftance,  and  fhould 
therefore  be  often  taken  when  opportunity  ferves,  to  corredl  them  thereby  : 

-60  Since  failing  in  a  parallel  requires  only  the  keeping  the  courfe  due 
call  or  weft,  C29,  and  the  latitude  is  found  with  greater  certainty  than  ei¬ 
ther  the  courfe  or'diftance,  §  568;  it  is  ufual,  in  foiling  between  the  tropics^ 
to  cret  into  the  latitude  of  the  place  to  which  the  fhip  is  bound,  and  (leer  di- 
reftly  eaft  or  weft,  according  as  the  place  lyes  from  the  fhip :  for  this  purpofe, 
the  trade-winds  or  monfaons  are  to  be  obferved.  See  monfoon  in  the  index. 

-70  Since  in  the  conftruilion  of  the  compafs,  the  360  of  the  circle  are 
divided  into  32  equidiftant  points,  the  diftance  of  any  twoadjoymng  points 
i  t*:  1  15  :  for  32  times  . 15  is  360:  from  hence,  the  angle  which 

the  line  of  anv  courfe  makes  with  the  meridian  being  given,  the  rhumb  (a 
ed  upon  may 'be  known;  or  converfely,  the  rhumb  being  given,  the  angle  of 
the  courfe  may  be  found,  by  the  following  table. 
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A  TABLE  OF  THE  ANGLES  WHICH  EVERY  RHUMB  MAKES  WITH 

THE  MERIDIAN. 


North. 

South. 

Rhumbs 

D.  M. 

North. 

South. 

North  by  Eaft 

South  by  Eaft 

1 

4. 

i 

X 

♦ 

1 

02  49 

°5  37 
08  26 

11  15 

N.  by  W. 

S.  by  W. 

N.  N.  E. 

S.  S.  E. 

1  i 

1  1 

1  i 

2 

J4  °4 
16  c  2 

J9  4i 
22  30 

N.  N.  W. 

s.  s.  w. 

N.  E.  by  N. 

S.  E.  by  S. 

2  i 

2  T 

2  i 

3 

25  *9 

28  07 

30  56 

33  45 

N.  W.  by  N. 

S.  W.  by  S. 

North  Eaft. 

South  Eaft. 

3  i 

3  i 

J  4- 

4 

4  i 

4  i 

4  I 

5 

36  34 

39  22 

42  I  I 

45  00 

North  Weft. 

South  Weft. 

N.  E..  by  E. 

S.  E.  by  E. 

47  49 

J°  37 
53  26 

56  J5 

N.  W.  by  W. 

S.  w.  by  W. 

E.  N.  E. 

E.  S.  E. 

5  i 

5  T 

i  4 

59  °4 

61  52 

'64  42 

67  30 

W.  N.  W. 

W.  S.  w. 

Eaft  by  North 

Eaft  by  South 

6  i 

6  i 

♦ 

7 

70  19 

73  °7 

75  56 
78  45 

W.  by  N. 

W.  by  S. 

Eaft 

Eaft. 

7  i 

7  i 

7  i 

8 

81  34 

84  22 

87  I  I 
90  00 

Weft. 

Weft. 

X  2 
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571  Thus  I  have  entered  upon  the  ufe  of  the  terreftrial  globe,  and  (hewn 
the  nature  and  ufe  of  maps  and  charts:  the  mechanical  methods  of  delinea¬ 
ting  them  I  omit,  as  foreign  to  my  purpofe ;  they  may  be  feen  in  V aremus  s 
Geography,  and  in  a  treatife  of  maps  and  globes  printed  A.  D.  1717-  I.navc 
like  wife  explained  the  nature  of  the  rhumbs,  and  fhewn  how  to  find  the 
place  of  a  fhip  upon  the  chart,  mechanically,  which  is  fufficient  to  give  the 
reader  a  general  notion  of  navigation:  in  the  writers  upon  that  fubjed,  we 
have  rules  to  find  the  place  of  a  (hip,  by  trigonometrical  calculation:  the 
foundation  of  which  calculation  is  this  3  in  oblique  failing,  the  line  of  the 
(hips  way  together  with  the  meridian  of  the  place  from  whence  lhe  failed 
and  the  parallel  of  the  place  where  lhe  is  arrived  form  a  rhumb-triangle \ 
which,  though  curvilinear  upon  the  globe,  may,  when  the  diftance  failed  is 
fmall,  be  confidered  as  rectilinear,  without  fenlible  error,  and  is  according¬ 
ly  drawn  fo  upon  both  the  plain  chart  and  Mercator s:  thus,  fig.  93,  fuppole 
a  fhip  fails  from  A  to  c,  draw  ab  to  reprefent  the  meridian  of  a,  for  the  pa¬ 
rallel  of  c  draw  c  b  perpendicular  to  a  b,  and  there  will  be  formed  the  rhumb- 
triangle  ABC,  whole  angle  at  b  is  a  right  one  by  conftrudion,  the  angle  at 
a  is  the  angle  of  the  courfe,  the  hypotenufe  ac  is  die  diftance,  ab  is  the  dif¬ 
ference  of  latitude,  and  bc  is  in  plain  failing  called  the  departure,  and  in 
Mercators  failing  the  longitude:  now  this  triangle  being  right  angled,  it  one 
acute  angle  and  one  fide  thereof  be  known,  the  other  two  fides  and  the  re¬ 
maining  acute  angle  may  be  found,  by  §  143:  or  if  two  fides  be  given,,  the 
remaining  fide  and  the  two  acute  angles  may  be  found  by.§  98,  here  it  is  to 
bc  remarked,  that  though  the  calculation  of  any  problem  is  more  exad  than 
conftrudion,  or  drawing  it  in  lines  geometrically;  yet  navigation  by  trigono¬ 
metry  mull  be  attended  with  all  the  uncertainty  which  ariles  from  the  errors 
to  which  the  data ,  upon  which  it  is  founded,  viz.  the  courle,  diftance,  and 
latitude,  are  liable:  fince  there  are  no  methods  of  finding  thefe  befides  thole 
laid  down  in  this  chapter. 


CHAP.  20.  THE  HEIGHT  OF  MOUNTAINS,  THE  DEPTH  OF  THE  SEA. 

C72  Mountains  are  fo  confiderable  parts  of  the  earth  as  to  demand  fome 

notice  fhould  here  be  taken  of  them:  many  of  them  furnifh  the  lpring-heads 

of  large  rivers,  fome  are  famous  for  the  mines  of  rich  metals  contained  in 

their  bowels,  others  are  remarkable  for  thedreadlul  eruptions  ot  fire,  lmoke, 

{tones  and  allies  to  which  they  are  fubjed ;  thele  and  many  other  particulars 

relating  to  mountains  I  leave  to  thole  writers  who  deferibe  the  countries 

wherein 
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wherein  they  are  found,  or  write  the  natural  hiftory  of  them,  fee  Varcn.geog . 
/.  1.  c.  10.  my  prefent  defign  leads  me  only  to  enquire  into  the  height  of  moun¬ 
tains,  in  order  to  find  what  proportion  it  bears  to  the  diameter  of  the  earth, 
and  how  far  it  may  be  objected  to  what  has  been  faid  of  its  roundnefs. 

573  The  height  of  mountains  has  often  engaged  the  attention  of  the  in- 
quilitive,  though  we  have  little  of  certainty  upon  that  fubjedt  delivered  to  us 
by  the  ancients:  fometimes  authors  content  themfelves  with  only  telling  11s 
how  many  days  it  takes  to  go  from  the  bottom  of  a  mountain  to  the  top: 
thus,  Strabo* ,  fpeaking  of  fome  of  the  higheft  mountains  in  Greece,  writes 
that  an  able  traveller  might  walk  from  the  bottom  ot  any  of  them  to  the  top 
in  a  days  time,  whereas  it  would  take  him  above  five  days  to  go  up  one  of 
the  Alps:  fometimes  they  fay  how  long  the  fun  may  be  feen  to  enlighten  the 
top  of  a  mountain,  before  his  riling  in  the  morning,  and  after  his  fetting  in 
the  evening  ;  to  this  purpofe,  we  have  accounts  of  the  mountains  Caucafus 
and  Cafius,  m  Ariftotleh  and  other  writers:  fometimes  they  relate  how  tar  off 
the  top  of  a  mountain  may  be  feen,  or  to  what  dilfance  the  profpedt  from 
thence  reaches,  or  in  general,  that  the  top  of  a  mountain  is  above  the  mid¬ 
dle  region  of  winds  and  rain:  in  proof  whereof,  it  is  faid  of  fome  mountains 
which  had  anciently  lacrifices  offered  upon  the  tops  of  them,  that  the  allies 
have  been  obferved  to  lye  there  undillurbed  from  one  years  end  to  another, 
fo  that  characters  drawn  therein  were  not  effaced0:  mount  Athos  is  particu¬ 
larly  taken  notice  of  for  caffing  a  fhadow  to  the  distance  of  above  80  miles, 
as  far  as  Myrine  a  town  in  the  Ifland  of  Lemnos d,  in  the  market-place  of 
which,  there  was  erected  the  ffatue  of  an  heifer  that  ufed  to  be  covered  by 
the  fhadow,  according  to  a  celebrated  verfe  upon  that  occalion, 

A 9a>$  y&AuTrlu  Avfx/ix$  Qoo$. 

The  Lemnian  heifer  is  by  Athos  cover’d. 

Atlas  is  faid  to  hide  his  head  in  the  clouds,  and  by  the  poets  is  therefore  feign¬ 
ed  to  fupportthe  heaven:  but  I  find  only  three  mountains  recorded  to  have  had 
their  height  taken  with  accuracy,  probably  by  trigonometry,  by  any  of  the  an¬ 
cients:  Olympus  and  Pelion  in  Theffaly,  and  Cyllene  in  Arcadia  have  not  only 
ferved  to  embellifli  the  writings  of  the  poets,  but  have  all'o  employed  the  (kill 
of  geometers.  Olympus  was  found  by  Xenocrates  to  rife  above  ten  Jladia  high¬ 
er  than  the  temple  of  Apollo  built  at  the  foot  of  it,  he  feems  to  have  ufed  a 
good  deal  of  care  in  this  affair,  becaufe,  in  an  epigram  of  his  extant  in  Pht- 
tarch e,  he  fays  the  height  of  it  is  ten  Jladia  and  a  fixth  part  of  a  Jladium  want¬ 
ing  two  feet,  and  pleads  the  merit  of  the  performance  to  recommend  him- 

a  Strabo  geogr.  I  4.  b  Arift.  Meteor.  1.  1.  c.  63.  So/in.  c.  37.  C  de  Atho  refer t  Solinus 

c.  16.  de  Cyller.e  Gemin.c.  de  f-gnif-  ajirorum.  Plin.  nat.  hijt.  I.  4.  1 0-  e  Plut.  in  vria  P.  JEmilii. 
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fclf  to  the  favour  of  Apollo.  The  other  two  were,  by  order  of  fome  princes, 
meafuredby  Dicearchus a,  the  height  of  Pel  ion  was  found  by  him  to  be  io  fa- 
iiia  of  Cyllene  1 5  Jladia.  For  the  meafure  ot  th zftadium  iee  §  44.0. 

Amoiwft  modern  travellers,  the  Pic  olTeneriiib  is  famous  for  its  height: 
we^ are  told  it  may  be  feen  at  fea  to  the  diftance  of  40,  which  is  about  270 
Englifli  miles;  it  is  by  many  thought  to  be  the  highefl  mountain  upon  the 
whole  earth :  others  think  the  mountains  which  run  through  fouth  America 
exceed  all  others  in  height;  for  whereas  the  air  on  the  tops  of  feveral  very  high 
mountains  has  been  faid,  by  reafon  of  its  thinnefs,  to  occafion l  teachings,  diffi¬ 
culty  of  breathing,  and  fometimes  vomitings  the  air  here  is  fo  unfit  for  relpi- 
ration,  that  upon  a  party  of  Spaniards  eroding  over  them  at  the  only  pafs 
which  is  practicable,  many  of  their  men  and  horfes  died  fuddenly.  Varen. 

cy r  The  height  of  a  mountain  may  be  confidered  eithei  abfolutely,  that 
is  how  much  its  elevation  is  above  the  furface  of  the  fea,  or  relatively,  i.  c. 
how  much  higher  it  is  than  the  ground  upon  which  the  ftations  are  taken  to 
meafure  it.  Ricciclus  in  his  geograph i a  reformat a  /.  6.  has  a  large  account  of 
mountains,  and  the  feveral  attempts  which  have  been  made  to  meaiure  the 
height  of  them,  both  by  the  ancients  and  moderns ;  he  fhews  ieveral  trigo¬ 
nometrical  methods  of  doing  it,  as  does  alfo  Varenim  l.  1.  c.  9.  one  of  the 
principal  of  thefe  I  have  explained  §  475,  but  they  are  all  liable  to  uncertain¬ 
ty,  by  reafon  of  refraction:  it  is  probable  the  ancients  did  not  take  refi  aCtion 
into  the  account,  for  that  reafon  the  heights  of  mountains  which  they  give 
us  are  greater  than  they  ought  to  be;  the  moderns  have  confidered  refi aCtion, 
but  it  is  fo  variable,  that  it  is  hardly  poffible  to  afeertain  at  any  time  what 

allowance  ought  to  be  made  for  it.  # 

‘j’he  mercurial  barometer  leems  to  promife  better  luccefs  in  this  affair 

than  can  be  expeCted  by  any  other  means:  it  is  now  univerfally  agreed  on, 
that  the  quickfilver  is  fuftained  in  the  tube  of  the  barometer  by  the  preiTure 
of  the  air  upon  that  quickfilver  wherein  the  lower  end  of  the  tube  is  immer- 
fed  that  the  farther  from  the  center  of  the  earth  the  barometer  is  placed,  the 
(hotter  is  the  column  of  air,  and  the  lels  its  weight  by  the  preffure  whereof 
the  quickfilver  is  fupported  in  the  tube,  and  confequently,  the  lower  v\  ill  it 
fubfide:  thus,  whatever  is  the  height  of  the  quickfilver  in  the  tube  at  the  bot¬ 
tom  of  a  well,  it  will  hand  lower  when  the  barometer  is  brought  up  to  the 
furface  of  the  earth,  and  will  fubfide  hill  lower  if  it  be  carried  up  to  the  top 
pf  an  high  tower;  and  this  fubfiding  of  the  quickfilver  is  in  a  ceitain  propor- 


‘b“  ' —  > -  £> 

a  Plin.  vat.  hijl.  I  c.  b  Ricciol.  geogr.  reformat,  hb.  6.  c.  1 3. 

T7,Ur»  rr,,,nr?  n^t-Vilntr  of  this  on  the  top  of  Teneriff,  vr.  Phil,  tranf.  N.  3  45* 
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tion  to  the  height  of  the  place  where  the  experiment  is  made.  When  the  gen¬ 
tlemen  of  the  academy  of  fciences  at  Paris  drew  the  meridian  line  mention¬ 
ed  §  415,  they  made  ufe  of  barometrical  obfervations  to  determine  the  height 
of  fome  of  the  higheft  mountains  in  France,  and  of  foine  of  the  Pyrenees, 
which  feparate  that  kingdom  from  Spain:  by  the  fame  method,  Dr.  Scheuch - 
zer  took  the  heights  of  feveral  of  the  Alps;  from  the  detail  of  his  obferva¬ 
tions,  which  may  be  feen  in  the  philojophical  tranfaflions  for  the  year  1728, 
n.  405  and  406,  it  appears  that  the  higheft  of  the  Alps,  the  tops  whereof 
are  covered  with  everlafting  fnow,  do  not  rife  above  10000  Paris  feet,  which 
is  10680  Englifh  feet,  or  2  Englifh  miles  120  feet,  above  the  level  of  the  fea, 
and  thefe  mountains,  which  are  undoubtedly  the  highefl  in  Europe,  that 
gentleman  is  of  opinion  may  equal  the  height  of  any  upon  the  globe. 

577  Dhe  depth  of  the  fea  has  been  thought  by  fome  to  anfwer  to  the  height 
of  mountains,  as  if  the  earth  had  been  once  a  perfedt  globe,  and  the  moun¬ 
tains  confided  of  what  was  taken  out  of  the  cavities  made  for  the  reception 
of  the  waters,  but  this  is  mere  conjecture  without  any  folid  foundation:  the 
depth  of  the  lea  is  in  many  places  unknown,  being  unfathomable  by  the  line, 
though  great  lengths  have  been  made  ufe  of  for  that  purpofe.  Mr.  Boyle  in 
his  treatife  of  falter  rane  an  and  fubmarine  regions  §  2,  mentions  a  curious  tra¬ 
veller  who,  upon  enquiring  whether  he  had  taken  notice  of  any  extraordi¬ 
nary  deep  foundings  in  the  vafter  feas,  anfwered  that  on  the  other  fide  of  the 
line  about  the  latitude  of  3  50  they  let  down  400  fathoms  of  line,  and  that 
the  lead  which  weighed  about  30  or  35  pounds  by  going  fo  deep  appeared 
when  drawn  up  again  intenfely  cold  like  ice:  there  are  in  the  fame  treatife 
feveral  proofs  that  the  fea- water  is  colder  the  deeper  we  go.  Varenius a  tells 
us  the  depth  of  the  fea  has  in  fome  places  been  found  a  German  mile  which 
is  equal  to  four  Englifh  miles.  Ricciolus b  writes  of  fome  englifhmen  hav¬ 
ing  founded  with  lines  to  the  depth  of  3000  ell?,  but  he  (peaks  of  it  by  hear- 
fay.  Olaus  magnus  c  fpeaks  of  l'ome  parts  of  the  northern  feas  being  lb  deep 
that  a  fhip  load  of  line  would  not  fuftice  to  found  them  to  the  bottom,  but  this 
I  fuppofe  is  faid  at  random.  Cefar&  is  faid  to  have  found  the  depths  of  fome 
parts  of  the  Mediterranean  and  Adriatic  not  to  exceed  1 5  Jladia ,  which  is  al- 
mofl  two  Englifh  miles:  it  is  probable  that  it  was  from  this  relation  that 
Pliny  e  fays  the  depth  of  the  fea  is  in  fome  places  15  jladia.  In  the  philo/h- 
phical  tranfadlions  for  the  year  1728  N.  405  we  have  a  defeription  of  a  ma¬ 
chine  to  meafure  the  greateft  depths  of  the  fea,  but  if  any  experiments  have 
been  made  therewith  they  are  not  yet  communicated  to  the  public. 

a  Gcogr.  1.  i.  c-  12.  b  Geograpb.  reformat.  1.  6 .  c.  21.  &  l.  10.  c.  1.  c  1.  2.  c.  Jo¬ 
el  Prifcianus  a  pud  Majol.  dier  canicular.  col  Icq-  10.  e  N'  Hid  1.  2.  c.-  xoa. 
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<73  Mr.  Boyle,  in  the  place  before  cited,  fays  he  was  very  inquifitive  about 
ihc  inequality  of  the  bottom  of  the  Jea ,  by  the  information  he  received  of profcfl 
Svers,  and  other  curious  Perfons  who  had  opportunities  of  feeing  divers  at 
their  work  and  converfing  with  them,  or  who  had  iounded  the  lea  in  feveral 
places,  it  appears  that  the  door  of  the  fea  is  in  many  places  exceedingly  un¬ 
equal,  being  here  dat  and  there  craggy,  rocks  ridng  to  a  conlideiable  height 
in  fome  parts,  and  valleys  finking  as  deep  in  others:  that  generally  the  depth 
of  the  fea  is  found  to  increafe  or  decreafe  gradually,  but  in  fome  places  is  lo 
very  unequal  that  in  calling  the  lead  on  one  fide  of  the  flnp  they  dud  it  20, 
qoy  or  perhaps  40  fathoms  deeper  than  they  had  tound  it  juft  before  when 
they  founded  from  the  other  dde:  particularly  he  was  told  by  an  ancient  and 
experienced  pilot  that  not  far  from  the  mouth  of  our  channel  he  has  fome- 
times  found  the  bottom  of  the  fea  fo  abrupt,  that  in  filling  twice  the  length 
of  his  fliip  the  water  has  deepened  from  thirty  to  an  hundred  fathoms,  if  not 
much  more  5  and  this  fudden  alteration  of  depth  is  chiefly  obfervable  near  the ' 
fhore,  though  there  are  inftances  of  the  like  far  out  at  lea:  but  asm  failing  far 
from 'land  there  is  not  fo  much  occafion  for  founding,  it  is  only  known  in  ge¬ 
neral  that  the  depths  in  the  wide  ocean  are  very  great,  the  particular  depths 

are  known  but  in  very  few  parts  of  it. 

79  In  failing  near  the  fhore,  the  founding  line  with  the  lead  is  often  eaft 
out,  to  find  the  depth  of  the  water:  the  lead  has  often  tallow  or  greaie  upon 
the  lower  end  of  it,  that  it  may  bring  up  with  it  fand,  gravel,  fhells,  &c.  in 
order  to  fhew  what  kind  of  foil  is  at  the  bottom,  the  knowledge  of  the  depth 
of  the  water  and  the  kind  of  loil  is  very  ufeful  to  find  exactly  where  the  fhip 
is,  to  prevent  her  running  aground,  and  carry  her  fafe  into  port 

580  T’he  proportion  of  the  furface  of  the  earth  to  that  of  the  fea,  fo  fai  as 
difeoveries  have  been  made,  may  be  found,  by  taking  the  paper  of  a  teireftrial 
globe  and  feparating  the  land  from  the  fea  with  a  pair  of  l'cilfars,  and  compar- 
fng  the  refpedive  weights  of  each:  this  experiment  Yuppofes  the  delineation 
of  the  globe  to  be  correct,  the  paper  whereon  it  is  printed  fhould  alfo  be  of  an 
equable  thicknefs  as  near  as  poffible ;  weighing  thus  the  papers  of  Mr.  Se- 
nexf s  globe  of  16  inches  diameter,  the  weight  of  the  paper  whereon  the  fea 
was  reprefented  was  349  grains,  that  of  the  land  124  grains:  fo  the  furface  of 
the  fea  is  almoft  three  times  as  great  as  that  of  the  land  hitherto  dilcovered. 
I  omitted  weighing  the  parts  contained  within  the  polar  circles,  becaule  it 
is  not  known  to  any  degree  of  exabtnefs  how  much  of  them  is  land  and 
how  much  is  fea. 
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PLANETS,  THE  TWINKLING  OF  THE  STARS,  THEIR  DIFFERENT 
MAGNITUDES, 


58 1  The  fyftem  of  the  world  is  the  whole  colle&ion  of  thofe  great  bodies 
Which  compofe  the  univerfe  of  material  beings,  and  comprehends  the  ftars, 
the  fun,  the  planets,  and  comets,  together  with  the  indefinitely  extended 
fpace  wherein  they  are  contained a:  from  the  author  whofe  opinion  is  follow¬ 
ed,  in  the  defcription  of  the  number,  magnitude,  flotation,  motion,  and  o- 
ther  affections  of  thofe  bodies,  it  is  called  the  Ptolemaic  fyftem,  the  Tycho - 
me,  the  Copernican  See.  I  fhall,  before  I  have  done,  endeavour 'to  give  the 
reader  a  general  view  of  the  feveral  fyftems  which  have  been  advanced  by 
the  moft  celebrated  philofophers  and  aftronomers,  in  order  to  account  for 
the  appearances  of  the  heavenly  bodies ;  but  I  fhall  in  the  firfl  place  treat  of 
that  fyftem  which  was  anciently  taught  by  thedifciples  o i  Pythagoras^,  after 
long  difufe  revived  about  200  years  ago  by  Copernicus ,  cultivated  afterwards 
by  Galileo,  Kepler ,  and  others,  and  greatly  improved  by  the  difeoveries  of 
Sir  Ifaac  Newton.  The  method  I  propofe  to  make  ufe  of  is  this,  taking  it  at 
prefent  for  granted  that  this  fyftem  is  the  true  one,  I  (hall  lay  down  the  fe* 
veral  parts  of  it,  and  fhew  under  each  head  how  the  appearances  of  the  hea¬ 
venly  bodies  hitherto  obferved  naturally  refult  from  fuch  an  order  and  dif- 
pofition  of  them  as  is  here  fuppofed  :  this  exaCt  correfpondence  of  the  phe¬ 
nomena  with  the  hypothefis  is  alone  fo  flrong  an  argument  in  favour  of  the 
truth  of  it,  that  we  might  very  well  acquiefce  therein  j  but  we  fhall  meet 
with  other  proofs  in  the  progrefs  of  this  work. 

582  The  flats,  as  well  thofe  feen  by  the  naked  eye  as  thofe  which  are  dif- 
coverable  by  the  telefcope,  keep  always  the  fame  fituation  in  relpeCt  of  one 
anotiiei,  and  are  theiefore  called  ftxtftars:  thus,  if  we  confider  any  number 
offlais  whicn  appear  near  to  one  another  and  to  our  view  form  a  trianrde 
fquare,  or  any  other  figure,  regular  or  irregular,  we  have  reafon  to  believe' 


a  X l<r/A&  'nlvpct  \\  ipen*  £  (ptmrn.  Diodorus  ap.  AchiJI.  Tat  p  1 20  edit 

Petavn :  nfdem  fere  verbis,  Cleomedes  I.  1.  ^  primus  appellant  Pythagoras^ 

Achill.  Tatms  ibid,  ««  ^  xiyw  [Stoia]  ™  *'07*.,,  *-2,  Ji  ^  rS  id_  -hu  univerfum>  ufli,ver. 

Jiutern,  rerum  unwerfitatem  vocal  Cicero.  ^  b  See  the  hiitoty  of  aflronom/  at  the  end  of  this  work. 
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that  ever  fince  the  creation  of  our  earth,  they  have  always  appeared  to  its  in¬ 
habitants  to  form  the  fame  figure,  as  to  drape  and  dimenfions,  as  they  do  at 
prefent,  and  will  probably  continue  to  do  fo  as  long  as  our  earth  fhall  laft : 
this  is  true  of  the  fixt  flats  in  general,  as  far  as  we  are  able  to  judge,  by  com¬ 
paring  the  latefl  obfervations  of  the  flars  with  the  mofl  ancient  ones  whereof 
we  have  any  account  remaining;  as  for  particular  changes  which  have  been 
obferved  in  feme  flars,  and  may  be  looked  upon  as  exceptions  to  the  general 
rule,  they  fhall  be  treated  of  in  a  chapter  upon  that  lubjedl. 

583  Belides  the  fixt  flars,  there  are  to  be  feen  in  the  heaven  five  planet f, 
which  by  common  fpedlators  are  not  diflinguifht  from  the  flars,  though  they 
be  of  a  very  different  nature;  I  Avail  treat  of  them  more  particularly  by  and 
by,  it  is  fufficient  at  prefent  to  take  notice  that  they  do  not  keep  their  places, 
as  the  fixt  flars  are  obferved  to  do,  but  are  feen  fometimes  in  one  part  of  the 
heaven  and  fometimes  in  another:  from  this  change  of  place  they  are  called 
planets  or  wanderers*;  from  hence  alfo  they  came  firfl  to  be  diflinguifhed  from 
the  fixt  flars,  and  to  have  the  natures  and  motions  of  them  enquired  into. 

-8  1  There  is  another  difference  between  the  fixt  flars  and  the  planets, 
which  may  very  properly  be  taken  notice  of  in  this  place,  the  Jixtftars  twin- 
kle^1,  whereas  the  planets  fhine  with  a  fleady  light:  the  caule  ot  this  difteience 
feems  to  be  this,  the  fixt  flars  are  at  fuch  an  immenfe  diflance  from  us,  that 
their  apparent  diameters  are  exceedingly  fmall,  fo  that  every  little  particle 
of  duff  that  floats  in  the  air  and  comes  between  our  eye  and  any  fixt  flar  is 
bi^  enough  to  cover  it,  and  hide  it  for  a  moment  from  our  fight:  now  our 
air  near  the  earth  is  lo  full  of  various  kinds  of  particles  which  are  in  conti¬ 
nual  motion,  that  fome  one  or  other  of  them  is  perpetually  palling  between 
us  and  any  flar  that  we  look  at,  which  makes  us  every  moment  alternately 
fee  it  and  lofe  the  view  of  it;  and  this  twinkling  of  the  flars  is  greatefl  in 
thofe  ftars  which  are  nearefl  the  horizon,  becaufe  they  are  viewed  through  a 
good  deal  of  thick  air,  where  the  intercepting  particles  are  moll  numerous, 
whereas  flars  that  are  near  the  zenith  do  not  twinkle  fo  much,  becaufe  we 
do  not  look  at  them  through  fo  much  thick  air,  and  therefore  the  intercept¬ 
ing  particles,  being  fewer,  come  lei's  frequently  before  them :  as  for  the  planets, 
they,  by  reafon  of  their  being  much  nearer  to  us  than  the  liars,  have  a  fenfi- 
ble  apparent  magnitude,  and  that  fo  great  as  not  to  be  covered  by  the  fmall 
particles  before  mentioned,  and  therefore  they  do  not  twinkle,  but  fhine  with 
a  fleady  light.  That  this  is  a  true  account  of  this  matter,  any  one  may  be 
ealily  fatisfied  by  the  following  experiment ;  lay  a  lmall  flat  piece  of  glafs  of^ 
about  the  bignefs  of  a  fiver  peny  upon  the  ground  between  your  felf  and  the 

a  By  Milton  nvandringjiies.  E nones  ‘vocat  Nigidius,  op.  Gellium-  b  Ricciol- 1-  6  C.  2.  Tacquet  ajlron. 
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fun,  with  the  plane  of  it  a  little  declining  from  the  fun,  fo  that  retiring  from 
it  three  or  four  hundred  yards  you  may  fee  the  light  of  the  fun  Alining  upon 
it  to  that  difiance  or  farther:  if  you  come  fo  near  the  glafs  that  the  image  of 
the  fun  reflected  from  it  appears  bigger  than  one  of  the  larged:  flats  in  the  hea¬ 
ven,  you  will  fee  it  fhine  with  a  fleady  light,  and  look  like  a  planet;  but  if 
y  ou  keep  youi  eye  upon  it  and  go  from  it  to  the  diftance  of  three  or  four 
hundred  yards,  till  its  apparent  diameter  is  no  bigger  than  that  of  a  fmall  Aar, 
you  will  perceive  it  twinkle  in  the  fame  manner  as  the  flats  do:  in  like  man¬ 
ner,  if  you  turn  your  face  towards  the  fun,  and  look  upon  a  plowed  field 
where  there  are  many  fmall  flones,  you  may  obferve  fome  of  them  that  are  at 
a  diftance  to  twinkle,  whilft  others  that  are  nearer  fhine  with  a  fleady  light. 

585  It  muft  be  confefl,  that  fome  of  the  liars  appear  fo  large  to  the  naked 
eye,  that  one  would  be  apt  to  think  they  were  too  big  to  be  covered  by  the 
fmall  dully  particles  juft  now  mentioned;  but  it  is  to  be  confidered,  that  all 
luminous  bodies  appear  larger  than  other  bodies  of  the  fame  dimenfions,  be- 
caufe  the  force  wherewith  the  particles  of  light  emitted  from  them  fall  upon 
the  retina,  is  fuch  as  to  caufe  a  trembling  or  vibration,  not  only  in  thole  parts 
upon  which  the  picture  is  painted,  but  alfo  in  the  parts  round  about:  thus, 
fig.  1,  fuppole  the  light  emitted  from  a  Aar  fhould  really  fall  upon  only  the 
point  a  of  the  retina  a,  yet  if  it  comes  with  fuch  force  as  to  caufe  a  trembling 
round  about  that  point  as  far  as  the  circle  bcde  reaches,  the  Aar  will  appear 
of  the  fame  magnitude  as  if  its  pidure  on  the  retina  took  up  the  area  of  that 
circle:  if  the  force  of  the  emitted  rays  be  abated,  as  they  are  by  pafling  through 
glafies,  whereby  many  of  them  are  reflected,  the  luminous  objed  lofesfome  of 
that  adventitious  apparent  magnitude,  and  paints  its  pidure  nearer  to  its  true 
dimenfions b.  And  thus  it  is  that  the  fmfiars  looked  at  through  a  telefcope  are 
Aripped  of  that  glare  of  rays  which  to  the  naked  eye  feem  to  Aream  every  way, 
and  then  though  the  glafies  magnify  them  perhaps  an  hundred  times,  yet  fo 
immenfely  great  is  their  diAance  frpm  us  as  to  make  their  apparent  diame¬ 
ters  even  thus  magnified  Aill  infenfible,  fo  that  they  appear  like  points:  the 
cafe  is  very  different  if  we  view  any  of  the  planets  through  a  telefcope,  their 
difiances  are  moderate  in  companion  of  that  of  the  Aars,  and  therefore  a  tele¬ 
fcope  that  magnifies  an  hundred  times  will  very  fenfibly  increase  their  appa¬ 
rent  magnitudes. 

586  'The fixt jiars  appear  to  us  of  different  magnitudes:  this  may  arife  from 
one  of  thei'e  two  caul'es,  either  they  differ  in  their  bignefs,  and  thofe  Aars  are 

a  I  mean  here  a  phyfical  point,  v.  §.  223:  b  Luminous  bodies  appear  larger  even  through  a  te¬ 

lefcope  than  might  be  expcded  from  their  dimenfions  and  diflances :  in  an  experiment  made  by  the  R. 
/Vcademy  of  Sciences  at  Paris,  a  fire  of  three  feet  diameter,  at  the  di fiance  of  3 1897  toifes,  appeared  under 
an  angle  of  8  feconds  ;  whereas  by  calculation  it  fiiould  appear  under  an  angle  of  3  feconds. 
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in  reality  the  larged  which  appear  fo  to  us  and  fhine  with  the  dronged  ludre, 
or  their  di  dances  from  us  may  be  unequal,  and  thofe  dars  may  be  farthed 
off  which  feem  lmalled  to  the  eye  and  give  the  fainted;  light;  or  in  fome  in- 
ifances  thefe  two  caufes  may  both  combine  to  make  that  difference  which  we 
perceive  among  the  dars,  and  fome  of  them  may  excel  in  brightnefs  as  well 
as  appear  larger  than  others,  becaufe  they  are  both  bigger  in  themfelves  and 
nearer  to  us :  however  this  be,  adronomers  have  from  their  apparent  mag¬ 
nitudes  di din gu iflied  the  dars  into  fix  orders  or  clades:  the  fil'd  contains  thofe 
of  the  larged  dze,  the  fecond  thofe  which  appear  next  in  bignefs,  and  lo  on, 
till  we  come  to  dars  of  the  dxth  magnitude,  among  which  are  counted  the 
dualled  that  can  be  feen  with  the  bare  eye  unafdded  with  glades:  as  for  thofe 
which  cannot  be  difcerned  without  the  telefcope,  and  are  therefore  called  te¬ 
le  [copic  jlars  they  are  not  reckoned  into  the  fix  orders.  Now  although  this  di- 
dribution  of  the  dars  be  generally  received,  we  are  not  to  imagine  that  all 
the  dars  of  any  one  of  thefe  clades  are  exactly  of  the  fame  bignels,  we  may 
rather  fay  there  are  almod  as  many  orders  of  dars  as  there  are  dars,  there 
is  fuch  a  difference  in  the  bignefs,  colour,  and  brightnefs  of  them:  thus, 
fome  of  thofe  which  are  reckoned  of  the  drd  magnitude  are  much  larger 
than  others  which  are  placed  in  the  fame  clafs,  fo  that  there  is  for  that  rea- 
fon  a  dilagreement  among  the  adronomers  in  this  refpedt,  and  the  lame  dars 
are  counted  by  fome  of  the  drd  magnitude,  which  others  have  adigned  to  the 
fecond  :  there  is  alfo  the  like  uncertainty  with  refpeft  to  the  other  clades. 


CHAP.  2.  THE  CONSTELLATIONS,  UNFORMED  STARS,  CATALOGUES 
OF  THE  STARS,  THE  NUMBER  OF  THE  STARS,  THE  MILKY  WAY. 

^87  The  fphere  of  the  fixt  dars  was  by  the  ancients  divided  into  feveral 
conjlellations  or  afterifms :  a  condellation  is  a  colledlion  of  dars  which  in  the 
heaven  appear  near  to  one  another,  and  may  be  imagined  to  reprefent  the 
figure  of  fome  real  or  imaginary  animal,  or  of  fome  other  known  vilible  thing: 
as  a  ram,  a  lion,  a  centaur,  an  harp,  a  crown  &c.  the  number  of  the  ancient 
condellations  is  48,  the  number  upon  our  prefent  globes  is  about  70:  I  call 
thofe  the  ancient  condellations  which  we  have  received  from  the  Greeks,  and 
particularly  from  Ttolemy  a:  we  find  fome  of  thele  occafionally  mentionec 
by  Homer  and  Hefiod ,  but  Aratus b  profededly  treats  of  them  all,  except  tw< 
or  three  which  were  invented  after  his  time,  and  that  in  the  following 
method :  1  he  fhews  how  each  condellation  is  fituated  in  refpedt  of  thofe 
that  are  near  it,  2  what  podtion  it  is  in  with  regard  to  the  principal  cir- 

a  In  his  A  Image Jl  or  /4fy«Ajj  aroyjulji  in  fine  lib ■  7,  iff  initio  lib.  8.  b  *v.  Arati  ph&nomena 

cles 
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cles  of  the  fphere,  3.  what  other  conflellations  rife  or  fet  with  it:  this  falls 
far  fhort  of  the  accuracy  of  Hipparchus  the  Rhodian  and  of  Ptolemy ,  as 
to  fetting  down  the  places  of  the  flars;  but  was  fufficient  for  the  ufe  of 
bailors,  and  the  purpofes  of  husbandry,  which  were  the  ends  chiefly  propofed 
by  this  author,  who  lived  about  270  Years  before  the  birth  of  our  Saviour, 
and  is  the  poet  cited  by  St.  P aul,  Adis  17.  28.  Aratus  has  been  in  fuch  e- 
fteem,  as  to  be  tranflated  by  Cicero >  Cefar  Germanicus ,  and  Ovid,  paraphrafed 
by  Avienus ,  and  illuflrated  by  about  50  commentators  a .  flipparchus  the  By- 
thynian  b  has  fhewn,  by  feveral  paffages  quoted  from  the  writings  of  them 
both,  that  he  followed  the  defcriptions  of  Eudoxus ,  who  flourifhed  about 
100  years  before  him,  and  it  is  very  probable  that  the  Greek  aftronomers 
who  fucceeded  him  continued  to  ufe  the  fame  figures  of  the  conflellations, 
all  along  down  to  Ptolemy ,  though  with  fome  variations  and  additions. 

588  Ptolemy's  work  has  been  always  in  fuch  efleem  among  the  aftrono¬ 
mers,  that  almoft  all  who  have  written  fince  his  time  have  agreed  in  drawing 
the  figures  of  the  conflellations,  or  fuppofing  them  to  be  drawn,  fo  as  to  an- 
fwer  his  defcription  of  them,  as  far  as  poflible  :  and  indeed  this  is  neceflary, 
to  avoid  confufion  in  comparing  ancient  and  modern  obfervations  together: 
thus  for  example,  the  great  Bear  fhould  be  fo  delineated  that  every  ftar  in  that 
conftellation  which  is  taken  notice  of  by  Ptolemy  may  be  in  the  fame  part  of 
the  figure,  viz.  the  lnout,  the  eye,  the  forehead,  &c <  as  he  defcribes  it.  It  does 
not  appear  that  Ptolemy  published  any  piBures  of  the  conflellations,  if  he  did 
they  are  not  come  to  our  hands ;  the  mofl  ancient  pictures  we  have  of  them 
are  thofe  publifhed  out  of  an  ancient  manufcript  by  Grotius c;  but  theie  he 
juflly  obferves,  though  venerable  for  their  antiquity,  are  by  no  means  agree¬ 
able  to  the  originals  in  the  heaven:  as  for  the  figures  printed  in  fome  editions 
of  Hyginus^,  the  defigners  of  them  feem  to  have  followed  their  own  fancies 
in  delineating  them,  without  any  regard  to  the  defcriptions  of  the  author. 

589  One  ufe  of  the  conflellations  was  to  diflinguifh  the  flars  from  one  ano¬ 
ther  :  thus,  if  we  mention  the  flar  in  the  bull’s  northern  eye,  an  aflronomer 
knows  what  flar  is  meant,  as  well  as  if  we  pointed  it  out  to  him  in  the  hea¬ 
ven.  In  the  infancy  of  aflronomy,  only  the  principal  flars  were  taken  notice 
of:  thus,  at  fir  ft  only  feven  flars  were  reckoned  in  the  little  bear,  and  the 
fame  number  in  the  great  bear,  and  they  were  then  called  the  two  wains 
or  waggons,  each  of  thefe  having  four  flars  in  the  form  of  a  parallelogram, 
which  reprefent  the  wheels,  as  the  three  flars  lying  almofl  in  a  flrait  line  do 
the  beafls  of  draught:  agreeably  to  this  the  7  principal  flars  in  the  great  bear 
are  at  this  day  commonly  called  Charles’s  wain. 


in  Ur  an, 


a  Scaliger  A  of.  in  Manilium  p.  25.  iff  Grotii  Syntagma  Arateorum  in  epij}.  dedicat.  b  a  Petavio  edituj 
'ologio.  c  in  Syntagm .  Arateorum.  d  Poeticon  Ajironomicon. 
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590  T’he  names  of  the  conftellations  and  the  number  of pars . obferved  in  each 
of  them  by  different  aftronomers  are  as  follows. 

The  ancient  conftellations.  Ptolemy  Tycho  Hevel.  Flamft. 


Urfa  Minor 

the  little  Bear 

8 

7 

12 

24 

f\ 

Urfa  Major 

the  great  Bear 

35 

29 

73 

o7 

bo 

Draco 

the  Dragon 

3 1 

32 

40 

Cepheus 

Cepheus 

*3 

4 

5* 

35 

Bootes 

Bootes 

23 

18 

52 

54 

Corona  Bor. 

the  N.  Crown 

8 

8 

8 

2 1 

Hercules,  Engongfin 

Hercules  kneeling 

29 

28 

45 

iJ3 

Lyra 

the  Harp 

10 

1 1 

l7 

2 1 

Cygnus,  G a  llina 

the  Swan 

19 

18 

47 

8  1 

Caffiepea 

Caffiepea 

13 

26 

37 

55 

Perfeus 

Perfeus 

29 

29 

4$ 

59 

Auriga 

the  Waggoner 

14 

9 

40 

.66 

Serpentarius 

Serpentarius 

29 

15 

40 

74 

Serpens 

the  Serpent 

18 

*3 

22 

64 

Sagitta 

the  Arrow 

5 

5 

5 

18 

Aquila,  Vultur 

Antinous 

the  Eagle? 

Antinous  ^ 

*  5 

T 

3 

23 

l9 

7i 

Delphin 

the  Dolphin 

10 

10 

14 

18 

Equulus,  Equi  feclio  the  Horles  head 

4 

4 

6 

10 

Pegafus,  Equus 

the  Horfe 

20 

19 

38 

89 

Andromeda 

Andromeda 

23 

23 

47 

66 

Triangulum 

the  T riangle 

4 

4 

12 

|6 

Aries 

the  Ram 

j8 

2 1 

2  7 

66 

Taurus 

the  Bull 

44 

43 

5 1 

141 

Gemini 

the  Twins 

25 

25 

38 

85 

Cancer 

the  Crab 

23 

15 

29 

83 

Leo 

the  Lion  ? 

35 

3° 

49 

95 

Co?na  Berenices 

Berenices  Hair  ^ 

H 

2 1 

43 

Virgo 

the  Virgin 

32 

33 

5° 

1 10 

Libra,  Chelae 

the  Scales 

17 

10 

20 

5* 

Scorpius 

the  Scorpion 

24 

10 

20 

44 

Sagittarius 

the  Archer 

3 1 

J4 

22 

69 

Capricornus 

Capricorn 

28 

28 

29 

51 

n 

Aquarius 

the  Water  Bearer 

45 

41 

47 

108 

Pi  fees 

the  Fillies 

3* 

36 

39 

Cetus 

the  Whale 

22 

2  1 

45 

97 

Orion 

Orion 

v*  -*. 

42 

.62 

78 

Eridanu 
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Eridanus,  Flavius 

Lepus 

Canis  major 

Canis  minor 

Argo,  Navis 

Hydra 

Crater 

Corvus 

Centaur us 

Lupus  jfera 

Ara  ' 

CoronaAuftralis 
Pifcis  Auftralis 


Eridanus 
the  Hare 
the  great  Dog 
the  little  Dog 
the  Ship 
the  Hydra 
the  Cup 
the  Crow 
the  Centaur 
the  Wolf 
the  Altar 
the  S.  Crown 
the  S.  Fifh 

The  new  fouthern 


Ptolemy  Tycho 


34 

10 

12 

*3 

29 

J3 

2 

2 

45 

3 

2  7 

J9 

7 

3 

7 

4 

37 

19 

7 

*3 

18 

conftellations. 

r75 

Hevel. 

Flamft. 

27 

84 

16 

2 1 

3i 

J3 

14 

4 

64 

3  1 

60 

10 

3  1 

9 

35 

24 

9 

12 

24 

Columba  Noachi  Noah’s  Dove  to 

Robur  Carolinum  the  Royal  Oak  12 

Grus  the  Crane  13 

Phoenix  the  Phenix  13 

Indus  the  Indian  12 

Pavo  the  Peacock  14 

Apus,  Avis  Indica  the  Bird  of  Paradiie  1 1 

Apis,  Mufca  the  Bee,  or  Fly  4 

Chamaeleon  the  Chameleon  10 

Triangulum  Auft.  the  S.  Triangle  5 

Pifcis  volans,  Pafler  the  flying  Fifh  8 

Dorado,  Xiphias  the  Sword  Fifh  6 

Toucan  the  American  Goole  9 

Hydrus  the  Water  Serpent  10 


Hevehus  s  conftellations  made  out  of  unformed  Stars. 


Lynx 

the  Lynx 

Hevel. 

19 

FI  am  ft, 
44 

Leo  minor 

the  little  Lyon 

53 

Afterion  Sc  Chara 

the  Greyhounds 

23 

25 

Cerberus 

Cerberus 

4 

Vulpecula  Sc  Anfer  the  Fox  and  Goofe 

27 

35 

Scutum  Sobiefki 

Sobiefki’s  Shield 

7 

Lacerta  * 

the  Lizard 

TO 

16 

Camelopardalus 

the  Camelopard 

3  2 

53 

Monoceros 

the  Unicom 

*9 

3 1 

Sextans 

the  Sextant 

j  1 

41 

591 


I75  ASTRONOMY  books, 

59  j  The  condellations  are  fo  delineated  as  to  take  in  the  dars,  efpecially 
the  mod  remarkable  ones,  into  fuch  parts  of  the  figures  as  are  mod  eafily  di¬ 
din  guifht:  thus,  the  hull  is  drawn  fo  as  to  have  one  dar  in  his  fouthern,  ano¬ 
ther  in  his  northern  eye;  pne  in  the  tip  of  his  northern,  another  in  the  tip 
of  his  fouthern  horn  &c:  befides  the  dars  which  iormthe  condellations,  there 
are  others  which  could  not  be  comprehended  in  the  figures,  but  are  contain¬ 
ed  in  the  interdices  between  them;  thefe,  becaufenot  reduced  into  any  cer¬ 
tain  figure,  are  called  unformed  fars  a:  iome  ot  thefe  which  were  reckoned  a- 
mongd  the  unformed  by  the  ancients  have  been  from  time  to  time  made  in¬ 
to  new  condellations  by  later  adronomers:  thus,  to  con  foie  the  Queen  o 
Ptolemy  Euergetes ,  for  the  lofs  of  a  lock  of  her  hair  which  was  dollen  out  of 
the  temple  of  Venus ,  where  die  had  dedicated  it  on  account  of  a  viftory  ob¬ 
tained  by  the  King  her  husband,  Conon  an  adronomer  out  of  lome  unform¬ 
ed  dars  near  the  tail  of  the  lyon  made  the  condellation  of  Berenice  s  hair  . 
thus  AntinousQ  the  favourite  ot  Adrian,  befides  being  deified  by  that  Emperor, 
was  placed  amongd  the  dars,  and  a  condellation  made  out  of  feme  unform¬ 
ed  dars  near  the  eagle  received  its  name  from  him :  in  later  times,  the  cele¬ 
brated  Hevelius  made  feveral  new  condellations  out  of  the  unformed  dars, 
which  are  now  drawn  upon  our  globes,  but  in  fainter  lines,  in  order  to  di¬ 
din  guidi  them  from  the  ancient  ones:  I  fhall  mention  but  one  indance  more, 
that  Sir  Charles  Scarborough  phyfician  to  Charles  2,  gave  the  name  of  Cor 
Caroli  to  a  fingle  dar  of  the  2d  magnitude  near  the  great  bear,  in  memory  of 
that  excellent  but  unfortunate  Prince  Charles  1. 

592  Since  the  difcovery  of  South- America,  the  Portuguefe  and  Dutch 
navigators,  eroding  the  line,  and  having  a  view  of  the  dars  near  the  fourh 
pole,  have  furn idled  our  globes  with  new  fouthern  condellations  which 
were  unknown  to  the  ancients*:  as  el  Dorado  the  golden  fidi,  el  Cruzero 

the  crofs,  which  we  call  the  Crofiers  &c. 

593  In  the  numbers  fet  down  in  the  foregoing  table,  the  unformed  dars 
are  reckoned  to  the  feveral  condellations  to  which  they  belong:  Coma  Bere¬ 
nices  and  Antinous  are  printed  in  a  different  character,  becaufe,  though  both 
of  them  be  mentioned  by  Ptolemy ,  the  fird  of  thefe  is  counted  by  him  among 
the  unformed  of  the  lyon,  the  latter  among  the  unformed  of  the  eagle.  The 
numbers  of  Tycho  are  taken  from  his  progymnafmata ,  thofe  of  Hevelius,  not 
having  his  prodromus  at  hand,  I  tranlcribed  from  Flamfead  s  Hijloria  Ccv~ 
lejhs  vol.  as  I  did  alio  the  numbers  of  the  new  louthern  condellations,. 
Flamfead' $  numbers  of  lome  oi  the  old  fouthern  condellations  I  have  encrea- 
fed  by  the  addition  of  thofe  dars  of  them  which  cannot  be  feen  in  England, 

a  StelU  informes,  it/jtffQwm  Ptolomeo.  b  Ricciol.  almagef .  1.  6  c.  4.  c  Xipliilinus  in  Adriano. 

but 
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but  have  been  obferved  at  S*.  Helena  by  Dr.  Halley.  The  names  in  the  firft 
column  are  thofe  in  common  ufe,  feven  of  Ptolemy  s  names  are  different  from 
them,  thefe  are  added  in  italic:  thus  Hercules  is  by  him  called  Engonafm,  t.  e. 
a  man  kneeling:  inftead  of  the  fw an  he  has  a  word  which  figniiics  a  fowl  in 
general,  or  particularly  one  of  the  hen-kind:  Pegafus  in  Ptolemy  is  the  horfe : 
in  the  room  of  Libra,  he  has  Chelae ,  the  claws  j  for  among  the  ancients  the 
Scorpion  was  drawn  larger  than  at  prefent,  fo  that  the  claws  of  it  took  up 
that  part  of  the  heaven  which  is  now  afligned  to  Libra :  Eridanus ,  is  bv 
him  called  the  river:  and  in  lieu  of  the  wolj  he  has  the  wild  beajl.  Several  of 
the conftellations  have  more  names  than  one:  thus,  Bootes  is  alfo  called  Arc- 
tophylax .  and  Ophiuchus  is  another  name  for  Ser pent  anus :  not  to  mention 
other  names  which  fometimes  occur,  efpecially  among  the  poets. 

594  Befides  the  additions  mentioned,  §  591  and  592,  there  have  alfo  at  dif¬ 
ferent  times  been  fome  alterations  made  in  the  forms  of  the  conftellations:  thus, 
Ptolemy ,  who  chiefly  followed  Hipparchus ,  fays,  /.  7.  c.5.  of  his  Almage/l,  that 
he  does  not  always  make  ufe  of  the  fame  figures  with  thofe  before  him,  but 
had,  for  the  fake  of  giving  his  figures  a  truer  proportion  and  adapting  them 
better  to  the  fituation  of  the  ftars,  made  many  alterations  therein,  as  the  a- 
ftronomers  before  his  time  had  done,  in  the  conftellations  of  thole  that  were 
more  ancient :  and  he  inftances  particularly  in  fome  ftars,  which,  by  reafon 
of  their  great  diftance  from  her  head,  he  placed  in  the  ribs  of  Virgo ,  where¬ 
as  Hipparchus  had  placed  them  in  her  fhoulders.  This  obfervation*  will  ex¬ 
plain  to  us  how  it  comes  to  pafs  that  we  find  a  difference  amongft  ancient 
authors,  in  their  defcriptions  of  the  conftellations  :  thus,  the  bull  is  drawn 
according  to  Hipparchus  and  Ptolemy  with  only  head  and  neck  and  fore-part, 
as  we  have  him  upon  our  prefent  globes  ;  whereas  Vitruvius ,  Pliny,  and  o- 
thers  defer ibe  him  entire,  and  place  the  Pleiades  in  his  tail. 

595  Befides  the  names  of  the  conftellations,  the  ancient  Greeks,  who  were 
imitated  herein  by  the  Romans  and  Arabians,  gave  names  to  fome  fmall  col¬ 
lections  of  ftars,  as  alfo  to  fome  of  the  moft  remarkable  fingle  ftars,  on  account 
of  their  being  luppofed  to  have  fome  particular  ffgnificancy  and  influence : 
thus,  the  clufter  of  fmall  ftars  in  the  neck  of  the  buff  was  called  the  pleiades : 
five  ftars  in  the  bull’s  face  the  hyades:  a  cloudy  ftar  in  the  breaft  of  the  crab 
was  called  prafepe ,  the  manger  •  and  two  ftars  near  it  afelli,  the  affes:  four  ftars 
at  the  extremity  of  the  right  hand  of  Aquarius  were  called  the  urn :  fourteen 
ftars  between  the  tails  of  the  fifties  were  called  the  lines:  whereof  five  ftars 
were  reckoned  in  the  northern ,  and  nine  in  the  [outhern  line ,  and  the  brioftt 
ftar  between  them  was  called  the  knot:  the  fouthern  crown  was  called  bv  fome 
uranijeus ,  by  Hipparchus ,  the  herald's  rod ,  fuch  as  Mercury  is  ufually  drawn 
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with:  the  preceding  ftar  at  the  feet  of  Gemini  was  called  propus:  a  bright 
liar  in  the  bread;  of  Leo ,  the  lyoii s  hearty  and  ba/ilifcus ,  or  the  royal  ftar:  a  large 
ftar  between  the  knees  of  Bootes  was  called  ArBurus  :  one  in  the  ear  of  corn 
which  Virgo  holds  in  her  left  hand,  /pica  Virgin! s :  one  in  her  right  wing, 
tzB&Tpuyy.'mf,  vindemiator :  the  Pleiades  were  by  the  Romans  called  Vergi - 
lice ,  and  the  Hyades ,  Suculce:  the  biggeft  ftar  in  the  harp  often  takes  the 
name  of  the  conftellation,  being  called  Lyra  by  the  Greeks,  and  by  the  Ro¬ 
mans  Fidicula. 

596  As  the  Europeans  firft  learned  aftronomy  from  the  Arabians,  many 
arabick  names  <2/ Tome  of  the  principal  ftar s  are  ftill  retained  by  them,  though 
feme  of  them  are  fo  wretchedly  mangled  by  ignorant  tranferibers  that  it  has  coft 
learned  men  a  good  deal  of  pains  to  let  them  right,  others  they  have  not  been 
able  to  make  any  thing  of  at  all,  but  this  very  thing,  their  being  uncouth  or 
unintelligible,  may  perhaps  have  recommended  thofe  namesto  our  aftrologers; 
otherwife,  it  feems  to  be  as  agreeable  to  good  fenfe  for  an  englifh  writer  to  call 
a  ftar  the  fifties  month ,  as  to  call  it  fomah/iut,  an  arabick  word  of  the  fame 
Jignification :  the  like  may  be  faid  of  the  reft,  however,  lince  cuftom  has  fo 
prevailed  that  we  cannot  help  meeting  with  thofe  names  in  books,  and  upon 
our  globes,  I  fhall  give  thofe  which  occur  moft  frequently,  as  corretly  as  I 
can, in  the  index. 

^97  It  is  very  probable  the  ftars,  efpecially  fome  of  the  moft  remarkable 
collections  of  them,  fuch  as  Charles  s  wain ,  the  Pleiades ,  Orion ,  &c.  were 
formed  into  conftellations  and  had  names  given  them,  in  the  early  ages  of 
the  world:  fome  of  them,  by  their  different  appearances,  ferve  to  mark  out 
the  feafons  of  the  year,  and  upon  that  account  were  not  only  taken  notice  of 
as  directors  when  to  begin  plowing,  lowing,  and  other  works  of  husbandry*, 
but  were  all'o  thought  to  have  a  great  influence  over  the  temperature  of  the 
air,  and  the  fruitfulnefs  of  the  earth;  fo  that,  from  their  being  figns,  point¬ 
ing  out  the  times  of  the  year  when  heat  or  cold,  drynefs  or  moifture  are  u- 
iually  predominant,  they  began  to  be  looked  upon  as  the  caufes  of  thofe  qua¬ 
lities  in  natural  bodies,  and  were  imagined  to  have  dominion  over  minerals, 
vegetables,  and  animals,  over  the  completions,  and  conftitutions,  and  even 
the  tempers  and  difpofitions  of  mankind:  this  opinion  found  credit  the  more 
ealily,  becaufe  the  fun,  moon,  ftars,  and  planets  were  believed  to  be  of  a  di¬ 
vine  nature b,  fome  held  they  were  inhabited  by  an  inferior  kind  of  deities0, 

a  Hefiod.  Oper.  1st  dier.  1.  2-  cv.  I  &  z.  b  Voffius  de  origine  iff  progrejgu  Idololatrin.  1.  z.  c.  30. 
c  E tur.ovt,  Qssvc  ‘vocal  Alcinous,  de  doSirina  Platonis.  Singulis  ajiris  jingulas  animas  tribuit  Plato,  in  Timxo 
p.  41.  ed.  Serrani  tarn  cibtm  quam  lie  lias  animal!  a  effe,  ex  eorum  motu,  cred<bant  phdofophi  -uett.  Achilles 
Tati  us  in  Arat.  p.  J28.  ed.  Petav.  Pjtbagor&i  exijiimabant  pL-.nttas  ejje  corpora  dinjina,  Gcinin  .iTuyay.  c.  y. 
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which  governed  their  motions  and  directed  their  influences:  others  that  they 
were  animals,  and  had  each  of  them  a  living  foul,  which  was  guided  by  an 
intelligence:  others,  that  they  were  animated  by  a  part  of  the  fubdance  of 
the  fupream  being,  each  of  thefe  notions  led  mankind  to  pay  them  religious 
worship.  The  mod:  ancient  idolaters  are  with  great  probability  thought  by 
fome  learned  men  to  have  received  the  name  of  Zabii ,  from  worshiping  the 
hod  oi  heaven a  :  this  they  could  hardly  do,  without  dividing  the  dars  into 
parcels,  as  we  find  theii  apted  fcholars  in  idolatry  the  Egyptians  did,  who 
divided  the  heaven  into  feveral  regions,  which  they  called  the  dations  or  man¬ 
sions  of  their  godsb. 

598  Egyptians  worfhipped  the  heavenly  Bodies ,  but  efpecially  the  fun 
and  moon,  which  they  called  their  great  gods:  they  thought  the  fun,  whom 
they  called  OJiris ,  a  proper  reprefentative  of  the  fpirit  of  nature,  the  foul  of 
the  world,  or  the  fupream  being,  who  is  every  where  prefent,  exercifing  his 
power  over  every  part  of  the  univerfe c.  The  moon  as  die  receives  her  light 
from  the  fun  was  looked  upon  as  female,  and  called  Jfisd,  which  goddefs  is 
fometimes  made  to  fignify  univerfal  material  nature,  confidered  as  pafiive, 
and  fufceptible  of  various  impreflions,  forms  and  qualities;  but  the  moon 
confidered  in  another  view,  as  aftive,  didributing  light  and  warmth  over  the 
face  of  the  earth,  was  faid  to  be  male :  thus  IJis  and  the  moon  were  count¬ 
ed  of  both  iexes e.  They  found,  or  imagined  themfelves  to  find,  in  various 

a  own  an  ¥  zeba'  hajhamaim  Hyde  de  rdig.  vet.  Perfar.  c.  3.  Pocock.  fpecim.  Hi  ft.  Arab,  alas 
adfert  etymoiogias  Spencerus,  de  leg.  Hebr.  1.  2.  c.  1.  ipfe,  Scaligerum  fecutus,  ex  Vy£,  voce  Ara- 
bica,  quA  orientales  denetat ,  nomen  derivari  contendit.  When  we  are  told,  what  Spencer  has  fufficientiy 
made  out,  that  many  of  the  obfervances  of  the  Mofaick  law  which  feem  to  be  trifling,  or  to  ferve  only  to 
exercife  the  obedience  of  the  Jews,  were  inftituted  by  God,  in  order  to  preferve  that  people  from  the  idola 
try  and  fuperflition  of  the  Zabii  ;  I  think  we  may  underhand  by  that  name,  not  only  the  Chaldeans ,  but  all 
other  nations  alfo,  who  were  guilty  of  the  like  praftifes,  by  whom  the  Ifraelites  were  in  danger  of  being 
infedled :  efpecially  the  Egyptians,  among  whom  they  lived  fo  long,  and  the  inhabitants  of  thole  countries 
vvhofe  land  they  were  to  poflefs,  or  in  whofe  neighbourhood  they  were  to  be  fettled.  Statue  runt  (Zabii) 

nullum  cjfte  Deum  prater  fellas - fellas  ejfe  divinas  ( vel  Deos  mtnorum  gentium )  id  Solan  ejfe  Deum 

magnum  ■■  —  rehquos  quin  que  planet  as  efje  Deos,  fed  duo  luminaria  ejfe  majores  : - Solem  regere  mundum 

f.periorem  id  inferiorem,  philofophi  apud  eos  exijlimarunt  -  Deum  ejfe  Jpiritum  fphers,  <vel  orbis  coclef  is, 

orbes  ccclefes  id  pi  an  etas  effe  corpora,  id  Deum  Opt.  Max.  ejfe  fpirit  um  illorum -  crediderunt  antiquit  a- 

tem  (i.  e.  at  emit  at  em )  rnundi ,  quia  cadi  juxta  eos  funt  Deus.  Maimonid.  More  Nevoch  l.  3  c.  29  De 
Zabiis,  D’  Herbelot,  B ibliotheque  Orientale,  in  voce  Sabi.  b  Kircherus  Oedip.  Agyptiac.  'I.  2. 

part.  2.  pngg-  1 5 3 »  *95’  C  Eact)  duo  itasi  ctttiov$  C  rr^onou',  tivu  a Xiov  tC  nr,v  tnAitiuj,  Oiodor. 

Sic.  1.  1.  Vofiius  de  Idololat.  1.  I.  c.  37.  hi?u  o  ©j®-  pro  foie,  jj  Qsx  pro  luna ,  apud  Hor.  Apoll.  /.  1. 
hierogl.  5.  id  10,  id  alios,  hinc  Sol  vacatur  cdxvxr©-  Out,  id  ha-no turu,*,  Onomaciito  (vuloo  Or- 
pheoj  in  hymn,  id  u*w  reayyimuo  ©s*  Proclo  hymn,  in  Solem.  Deos  omnes  ad  folem,  ad  lunam  Deas  omnes 
referri,  oflendit  Kircher.  Obeli fc.  Pamph.  1.  3.  c.  13.  Solem  Oftridis,  lunam  Ifidis  nomine  inteihf,  idem  ibid, 
id  l.  3.  c.  7.  id  Oed.  At  gyp  t.  T.  1.  p.  172.  id  T.  3.  p.  139.  Voffius  de  Idololatr.  d  IJis  ab  de- 
rivatur  a  Voflio  Idol.  1.  1  ■  c.  38.  de  Ifide  Apuleius  Metamorph.  1.  n.  e  HincQ^i  ri  <*ar<v  Onoma- 

crito  hymn,  in  lunam,  bine  Deus  Lunus.  v.  id  Volf,  de  Idololatr.  1.  2.  c.  24. 
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animals,  fome  properties  or  qualities  corresponding  to  the  motions,  appeai- 
ances  or  influences  of  the  lun,  moon,  and  lome  of  the  Ears’.  this  induced 
them  not  only  to  ufe  thole  animals  in  their  hieroglyphic  representations  of 
their  deities,  but  alfo  to  pay  them  divine  honours  :  thus,  they  called  tht 
beetle*  a  living  image  ol  the  lun,  they  pretended  that  thole  animals  roll  up 
their  eggs  in  little  round  pellets  of  dirt,  which  they  turn  towards  the  weft, 
while  they  themfelves  continue  creeping  on  towards  the  eaA;  by  the  firA  of 
thefe  motions  exhibiting  the  diurnal,  by  the  iecond,  the  annual  motion  of 
the  fun  and  planets.  They  made  the  hawk  b,  upon  account  of  his  piercing 
eye,  flrength,  fwiftnefs,  and  fome  other  qualities,  an  hieroglyphic  of  the  lun, 
and  fometimes  ol  the  fupream  being.  By  the  ramc ,  a  prolific  animal,  they  re¬ 
presented  the  genial  fertilizing  warmth  of  the  fun  in  the  ipring ;  as  they  did 
his  violent  Scorching  heat  in  the  Summer,  by  the  hot  and  furious  bead:  the 
lyon d.  The  bull e  was  looked  upon  by  them  as  another  emblem  of  the  various 
powers  of  the  fun,  in  forwarding  the  bufinefs  of  agriculture,  wherein  this 
creature  is  very  Serviceable,  the  worlhip  of  a  living  bull  with  fome  peculiar 
marks,  to  which  they  gave  the  name  Apis,  in  one  part  of  Egypt,  and  Mnevis 
in  another,  is  mentioned  by  a  great  number  of  authors  the  Jews  golden 
calf  is  thought  to  be  an  imitation  of  this  piece  of  Egyptian  idolatry.  The 
goat  S  had  divine  honours  paid  him  in  fome  parts  of  Egypt,  as  a  representa¬ 
tive  of  the  tendency  of  univerfal  nature  to  propagate  the  Several  Species  of 
beings  $  from  hence  the  Greeks  took  their  image  of  Pan h.  They  deified 
the  Nile  '1  whofe  overflowing  is  So  beneficial  to  the  land  of  Egypt,  and  as  that 
river  was  oblerved  to  begin  to  Swell  at  the  riling  of  the  dog-Jlar ;  this  made 
them  have  a  particular  veneration  for  that  Aar,  as  if  its  benign  influence 
contributed  to  that  fruitfulnefs  which  the  Nile  occafioned:  they  called  the 
Aar  Jfis  k,  the  name  of  their  great  goddefs,  and  Thoth the  name  of  their  god 
Mercury ,  whom  for  his  fagacity  in  the  invention  of  letters,  arts  and  Sciences, 
they  Sometimes  painted  in  the  form  of  a  dog,  or  of  a  man  with  a  dogs  head, 
and  worfliipped  him  under  the  name  of  A?iubis m.  They  called  the  Same  Aar 
Sothis ,  or  Siothi ,  which  in  the  Egyptian  language,  according  to  Kircher ,  Sig¬ 
nifies  holy11.  Sihor0  and  Sir  is  are  other  names  for  the  Nile,  from  whence  VoJ- 

a  Hot*.  Apoll.  /•  i.  hierogl.  10.  Kirch.  Obel.  Pampb.  p.  122,  30S,  335.  b  Hor.  Apoll.  /.  1.  hiero¬ 
glyph.  6.  Kircher.  Obelifc.  Pamphil.  p.  309.  c  Kircher.  ibid.  p.  269.  d  Id.  ibid.  p.  282.  e  Id.  ibid, 
p.  256.  f  Kircher.  Oedip.  JEgypt.  T.  1.  p.  194..  Volf.  de  Idololatr.  1.  1 .  c.  29.  Selden.  de  Diis  Syris 
Syntagm.  1.  c.  4.  g  Kircher.  Obelifc.  Pamph.  p.  274.  h  Kircher.  ibid.  Voflius  de  Idol.  1.  3.  c.  74. 
i  Kircher.  Oed.  yEgypt.  T.  1.  p.  48.  Salmaf.  Plinian.  exercit.  p.  427.  de  Nilo  etiam  <v.  Selden.  de  Diis 
Syr.  Syntagm.  1 .  c.  4.  &  VolT.  de  Idol.  k  Hor.  Apoll.  /.  1.  hier.  3.  1  Ifi  JEgypt  Us  tnatrem  denotat, 

Salmaf.  de  annis  climatter.  p.  567;  Thoth  patrem,  Chamberlain,  oration.  Dominic,  p.  30,  hinc forte  , 

nam  frigida  funt  etyma  <vttlgo  allata.  m  <v.  Kircher.  &  Voflium  de  Idol.  n  Prodrom.  Copt.  p.  147.  a  6 
Adami  filio  trahit  Selden.  de  Diis  Syr.  Prolegom.  c.  3.  o  S ichor  Hebr.  niger ,  a  limo  fc.  hinc  olirn  xcyo7mc.f 
pojiea  Meho  uocatus.  JlUS 
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fins*  derives  Sirius ,  thegreek  name  of  this  dar,  which  was  imagined  to  have 
luch  dominion  over  that  river ;  as  alfo  Ofiris ,  the  name  of  one  of  their  prin¬ 
cipal  deities.  Tfhe  wolf\  a  rapacious  devouring  animal,  was  looked  upon  by 
them  as  an  emblem  of  the  confuming  power  of  the  fun.  Virgo  was  a  repre- 
fentation  of  their  goddefs  Ifis.  Tfhe  Scorpion c  was  an  emblem  of  the  deftruc- 
tive  power  of  the  malignant  genius  Typhon.  Tfhe  triangle  was  a  picture  of 
the  land  of  Egypt,  which  is  of  a  triangular  fhape;  and  therefore  Kircher  d  de¬ 
rives  deltoton ,  another  name  for  that  conftellation,  from  deltoti ,  which  in  the 
Egyptian  language  fignifies  a  good  country,  rejecting  the  common  etymo¬ 
logy  taken  from  its  refembling  the  greek  letter  A.  Si  he  balance  was  the  hie¬ 
roglyphic  of  juftice,  and  therefore  libra  was  thought  a  proper  conftellation 
for  that  part  of  the  heaven  wherein  the  fun  appears  at  one  of  the  equinoxes,, 
when  he  diftributes  equal  day  and  night  to  the  whole  earth:  or,  if  it  be  con- 
fidered  with  regard  to  the  land  of  Egypt,  it  may  intimate  the  equal  diftri- 
bution  of  the  Nile  to  the  feveral  parts  of  the  country,  by  the  genius  of  the 
waters;  for  the  figure  of  this  conftellation  was  among  the  Egyptians  a  man 
holding  a  pair  of  fcalese.  To  mention  no  more,  the  Egyptians  worfhipped 
ferpents  and fijhes f.  If  he  altars  is  alfo  faid  to  have  been  an  hieroglyphic  of  the 
land  of  Egypt.  I  have  here  confined  myfelf  chiefly  to  fuch  animals  and  other 
figures  as  we  meet  with  among  our  prefent  conftellations,  which  I  think 
were  mod  of  them  originally  Egyptian. 

599  That  the  Egyptians  worfhipped  all  the  animals,  and  ufed  the  figures 
abovementioned  as  hieroglyphics  of  their  deities,  Kircher h  proves  at  large  by 
the  tedimony  of  feveral  ancient  authors;  to  which  we  may  add  a  remarkable 
paflfagein  Herodotus'1  f  who  fays,  that  in  Egypt  all  forts  of  beads,  as  well  wild 
as  tame,  were  accounted  facred:  and  indeed  I  am  inclined  to  think  they  wor¬ 
fhipped  the  hod  of  heaven  and  all  forts  of  animals,  while  the  children  of  If- 
rael  lived  among  them,  from  the  caution  Mofes  gives  that  people,  Deut.  4.  15.. 
‘Take  heed  led  you  corrupt  your  [elves y  and  make  you  a  graven  image,  the  fi- 
‘militude  of  any  figure,  the  likenefs  of  male  or  female,  the  likenefs  of  any  bead 
‘that  is  on  the  earth,  the  likenefs  of  any  fowl  that  flieth  in  the  air,  the  like- 

a  De  Idol.  1.  2.  c.  74.  v.  Selden.  de  Diis  Syr.  Prcleg.  c.  3.  Synfag.  1.  c.  3  Sin  HIgyptiis /Pus,  Sal- 
maf  de  annis  CP  matter,  p.  566.  b  Kirch.  Obel.  Pamph.  p.  296.  Id.  Oed.  JEg.  T-  1 .  p.  242.  c  Scorpio- 
nem  pingebant  tauri  te/uulos  rodentem ,  quod  Sol  vn  hoc  figno,  terram  adurens, fertilitati,  quamin  tauro  promove- 
bat,  ini  micas  vires  exerat:  ejus  rei  imagines  vide  ap.  Hyde  de  rel.  vet.  Perfar.  c.  4.  d  Kirch.  Ob  Pamph. 
p  325.  prodr.  Copt.  p.  233.  e  Kircher.  Oed.  JEg.  T.  2.  part  2.  p.  156  Manil.  /.  2.  Humana  eft  facies 
hbr&  ■  —  in  quern  locum  ita  Scaliger:  libripens  emm  in  afti  othefia  fgurabalur,  alii  a  virgitie  geftari  vo- 
lunt,  ut  Kalendaria  ambo  ruftica  Roman  a :  adulatores  poet&  Augui.o  in  mavus  tradunt.  v.  locum.  f  Dc 
Serpentibus ,  Kircher.  Obel.  Pa?nph.  p.  347.  Vofiius  de  Idololat.  1.  4.  r.  63.  de  pifcibus,  Voffius  ib.  1.  4. 
f  5 1  *  ubi  tamen  piftes  a  fapientioribus  pro  deorum  fymbolis  potius  quam  pro  diis  cultos  fuiffe  innuit ,  quod  ctiam 
de  citeris  animalibus  exiftimandum  eft.  g  Hor.  Apoli.  /.  u  hierogl.  22.  h.  loci s /upra  ci tails,  i  In  Euterpe. 
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4  nefs  of  any  thing  that  creepeth  upon  the  ground,  the  likenefs  of  any  filh  that 
‘is  in  the  waters  beneath  the  earth,  and  left  thou  lilt  up  thine  eyes  unto  hea- 
<  ven,  and  when  thou  feeft  the  fun  and  the  moon  and  the  ftars,  even  all  the  hoft 
‘of  heaven,  fhouldeft  be  driven  to  worlhip  them,  and  ferve  them,  which  the 
‘  Lord  thv  God  hath  divided  unto  all  nations  under  the  whole  heaven.  But  the 
‘  Lord  thy  God  hath  taken  you  and  brought  you  forth  out  of  the  iron  furnace, 
‘even  out  of  Egypt.  The  mention  here  made  of  their  being  brought  out  of 
the  land  of  Egypt  feems  to  be  intended,  to  put  the  Jews  in  mind  of  their 
deliverance  from  the  idolatrous  pra&ifes  of  that  country,  as  well  as  from  the 
flavery  they  had  endured  therein. 

600  TheGreeks,  who  learned  aftronomy  of  the  Egyptians11,  retained  feve- 
ral  of  their  figures,  as  the  ram ,  the  bull ,  the  lyon ,  the  dog ,  the  triangle ,  &c. 
but  accommodated  almoft  all  of  them  to  the  fabulous  hiftory  of  their  gods  and 
heroes,  whom  in  this  manner  they  placed  among  theftarsb;  but  there  is  a  great 
dilagreement  in  their  fabulous  relations:  thus,  the  Twins  are  by  fome  fuppo- 
fed  to  reprefent  Caftor  and  Pollux ,  by  others  Apollo  and  Hercules ,  or  Pripto - 
lemus  and  Jafion:  I  do  not  think  it  worth  the  while  to  enter  into  the  detail 
of  the  hiftory,  whether  true  or  fabulous,  to  which  the  conftellations  are  laid 
to  relate;  enough  of  it  may  be  feen  in  Hyginus c,  if  any  one  is  not  latisfied 
with  wdiat  he  finds  there,  let  him  read  Ricciolus  Aimagejl .  1.  6.  c.  3?  4>  5> 
and  the  authors  there  quoted,  as  alfo  Sherburne  s  notes  upon  Manilius.  Sir 
Ifaac  Newton d  obferves  that  Mufaus ,  who  is  faid  to  have  made  the  firft  globe  a- 
mong  the  Greeks,  was  father  to  Orpheus ,  one  of  the  Argonauts ;  and  that  the 
greateft  part  of  the  figures  upon  the  celeftial  globe  are  made  to  relate  to  things 
or  perfons  concerned  in  the  Argonautic  expedition,  and  none  of  them  are 
fuppofed  by  any  authors  to  bear  relation  to  any  tranfaftion  of  later  date:  this 
is  very  true,  but  the  great  dilagreement  there  is  among  the  mythologifts  in 
their  accounts  of  thofe  figures  (hews  them  to  be  of  greater  antiquity,  and  that 
the  conftellations  were  received  fome  time  among  the  Greeks,  before  their 
poets,  according  to  their  feveral  fancies,  applyed  them  to  different  fables d. 

601  It  muft  be  owned  the  ftars  are  capable  of  being  reduced  to  figures  very 
different  from  thofe  now  in  ufe  among  us,  thofe  ftars  which  are  formed  into 
the  lyon  might  have  made  an  horfe  or  any  other  animal,  in  fadt  the  conftel- 

a  Lucian,  de  aftrologia.  b  Ut  Gr&ci  omnia  fuis  heroibus  tribuunt,  ita  &  fuis  JEgyptii :  inquit  Vof- 
fius,  de  Idol.  1-  i-  c.  28-  GrAci  hieroglyphics  vEgyptiorum  imagines  DUs  eorum  fabulojis  accommodabant, 
Kircher.  Oed  J£g.  T-  2.  part  2  p .  196.  C  Pocticon  AJlronomic .  d  Chronology,  p.  84.  d  Nigidius 
duo  noolumina  feripjit,  1  de  fph&ra  Gr&canica,  2  de  Jph&ra  Barbarica  ;  in  hoc  bijloriam  Syderum  ex  mente 
JE.yptiorum  contexuit ,  in  illo  juxta  fententiam  GrAcorujn.  <v.  Scalig-  in  Manil  p.  368.  13  Salmai.  ae 
annis  Clitnafter.  p.  $92- 


lations 


CHAP.  2. 


ASTRONOMY  383 

lations  of  the  Chinefe  and  Japonefe  are  very  different  from  oursa:  fome  fuper- 
ftitious  Arabians,  though  they  received  their  aftronomy  from  the  Greeks, 
have  given  fome  of  their  conftellations  different  figures;  this  they  are  faid  to 
have  done  becaufe  they  thought  it  unlawful  to  draw  any  human  figure,  and 
therefore  they  changed  all  fuch  on  the  celeftial  globe  into  fome  other  form, 
and  very  often  abfurdly  enough:  thus,  inftead  of  Aquarius  they  give  us  the  fi¬ 
gure  of  a  mule  laddled  carrying  two  barrels,  for  Gemini  two  peacocks,  Vir¬ 
go  with  them  is  a  wheat-fheaf,  the  centaur  is  an  horfe  and  a  bear  fighting,. 
Auriga  is  a  mule  faddled,  with  a  bridle  drawn  fo  as  to  have  fome  liars  upon 
it,  whereas  there  are  none  upon  the  bridle  of  Auriga  as  drawn  by  the  Greeks; 
for  Ophiuchus  they  draw  a  ftork  or  crane,  for  Hercules  they  make  a  camel 
with  his  furniture  kneeling,  for  Sagittarius  they  draw  only  a  quiver,  for  Cap 
fiepea  they  place  a  bitch  in  a  chair,  for  Andromeda  a  fea-calf,  and  for  Cepbeus 
a  dog,  inftead  of  Bootes  they  put  a  monftrous  figure  that  Scaliger  fays  he  could 
not  tell  what  to  make  of.  not.  in  jphceram  Barbaric.  Manil.  p.  484. 

602  Some  chriftian  aftronomers b,  difpleafed  to  fee  the  heaven  of  the  fixt 
liars  poirefl  by  the  fabulous  heathen  deities  and  heroes,  have  been  for  making 
a  reformation  in  that  point,  and  have  propofed  to  retain  the  ancient  figures, 
referring  them  to  fome  fcripture  hiftory:  in  this  view  they  would  have  the 
ram  to  be  a  memorial  of  that  which  was  offered  inftead  of  f/aac,  Virgo  to  re- 
prefent  the  B.  Virgin ,  &c.  Others  would  new  model  all  the  conftellations, 
and  put  them  into  different  forms :  thus,  for  the  twelve  conftellations  of  the 
Zodiac ,  they  give  us  the  twelve  Apoftles,  6cc.  but  this  laft  project  would  bring 
intolerable  confufion  into  aftronomy,  in  comparing  the  ancient  and  modern 
obfervations;  to  prevent  which,  the  belt  way  is  to  draw  the  figures  as  near 
as  pofiible  to  the  defer  ip  tions  of  Ptolemy. 

603  There  are  two  ways  oj  delineating  the  figures  of  the  conftellations , 
either  fuch  as  they  appear  in  the  fphere  of  the  heaven,  or,  which  are  the  re¬ 
veries  of  the  former,  fuch  as  are  drawn  upon  the  common  celeftial  globe :  if 
a  large  room  were  built  with  its  inhde  of  a  fpherical  form,  the  conftellations 
might  be  drawn  thereon  as  they  appear  in  the  fphere  of  the  heaven  it  felf: 
in  this  manner  they  may  be  feen  on  the  concave  furface  of  my  glafs  fphere,, 
if  one  looks  into  it:  in  the  fame  manner  they  may  all'o  be  drawn  upon  two 
concave  hemiipheres,  which  would  contain  them  all,  or,  which  would  be 
better,  fegments  offpheres  might  be  made  of  brals  or  paftboardc,  of  fuch  di- 

a  Alartinii  Atlas  Sinic.  pr&fat.  p.  i8.  Kempfer  hi Ji.  of  J apan.  The  Perfian  and  Indian  conftellations 
are  alfo  different  from  ours :  Albumafar,  introduft.  I.  6.  c  i.  Souciet,  oh/ervat.  mathemat.  aftronomiques 
id  geograph,  faites  en  Chinie  p.  247.  b  Schillerus  in  coAo  Chriftiano,  Skikkardus  in  aftrofeopio ,  Bartfchius 
in  globo  ccelefti.  <v.  Ricciol.  Almageft.  1.  6 .  c.  6.  &  Sherburne’s  Appendix  to  Manilius  p.  140.  c  -v.  §  534. 
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mentions  that  each  fegment  ftiould  contain  a  tingle  conftellation  upon  its  con¬ 
cave  furface.  The  convex  furface  of  my  glafs  fphere  {hews  the  contiiellations 
the  fame  as  the  common  celetiial  globe  does,  that  is,  iuch  as  they  would  ap¬ 
pear  if  we  imagine  the  ftars  all  to  be  fixt  in  the  furface  of  a  fphere,  and  to 
be  viewed  by  a  fpeCfator  on  the  outfide  of  it  looking  upon  its  convex  furface. 

604  Sometimes  the  conjlellations  are  drawn  upon  two  planifpheres  pro¬ 
jected  upon  a  great  circle,  this  way  gives  us  the  pictures  of  the  two  concave 
hemifpheres  in  piano :  the  nature  of  thefe  projections  may  be  underftood  from 
$  54Ij  but  as  we  have  obferved  thofe  maps  of  the  earth  to  reprefent  it  in  the 
trueit  proportion  which  ihew  us  a  tinall  part  of  it,  §  539,  fo  thofe  maps  of 
the  heaven  will  tiiew  us  the  ftars  in  the  trueft  tituation  which  take  in  only  one 
conflellation  entire,  with  fome  parts  of  the  adjoyning  ones. 

60  c  The  fir  ft  ufe  of  all  thefe  concave  fpheres,  planifpheres ,  globes  and 
pictures  of  the  contiiellations  is,  by  comparing  them  with  the  originals,  to 
know  the  tiiars  in  the  heaven:  it  has  been  already  obferved  book  1.  chap.  2. 
that  by  the  rotation  of  the  earth  round  her  axis  one  way,  tnc  heaven  with 
all  the  tiiars,  &c.  appears  to  revolve  the  contrary  way ;  fo  that,  though  the  fixt 
tiiars  keep  their  tituation  with  refpeCt  to  one  another,  the  fphere  of  the  fixt 
tiars  is  changing  its  pofition  with  relped  to  us,  every  moment  of  the  natural 
day :  therefore,  to  compare  the  tiiars  upon  a  concave  hemifphere,  globe,  pla- 
ni fphere,  or  picture,  with  the  ftars  in  the  heaven ;  we  muti  place  the  globe, 
hemifphere,  &c.  in  fuch  a  pofition  as  to  correfpond  with  the  prefent  tituation 
of  the  heaven:  I  {hall  hereafter  tiiew  how  to  rectify  the  c el ejhal globe  to  any 
time  of  the  night ,  that  is,  to  place  it  fo  that  every  ftar  upon  the  globe  may 
point  at  its  correfponding  ftar  in  the  heaven;  and  then  the  contiiellations  may 
be  known,  by  comparing  the  heaven  and  the  globe  with  one  another:  thus, 
if  I  would  find  a  ftar  called  ArBurus  in  the  heaven  ;  the  globe  being  recti¬ 
fied  to  the  time  of  night,  I  find  ArBurus  thereon,  then  if  I  imagine  a  line 
to  be  drawn  from  the  center  of  the  globe  through  that  ftar,  that  line  conti¬ 
nued  will  point  at  ArBurus  in  the  heaven.  Suppofe,  on  the  other  hand,  I  fee 
fome  bright  ftar  in  the  heaven  which  I  want  to  know  upon  the  globe,  I  firft 
rectify  the  globe  to  the  time  of  night,  and  then  if  I  imagine  a  line  to  be  drawn 
from  the  ftar  to  the  center  of  the  globe,  it  will  point  at  the  correfponding  ftar 
on  the  furface  of  the  globe.  Maps  of  the  concave  furface  of  the  heaven,  espe¬ 
cially  fuch  as  take  in  only  one  conftellation  with  iome  parts  of  thofe  which 
furround  it,  are  very  ufeful  for  the  purpofe  of  being  acquainted  with  the 
ftars:  of  this  fort  are  the  figures  given  us  by  Bayer  in  his  Uranometria ,  and 
thofe  of  Flamfeed  publifhed  after  his  deatn  by  Hodgson ;  the  mannei  ofufing 
them  will  be  feen  by  the  following  example:  if  I  would  know  the  ftars  in 
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the  great  bear,  I  turn  the  figure  about,  till  the  principal  flars  thereof  are  in 
the  fame  fituation  with  regard  to  upper  or  under,  right  or  left,  as  they  ap¬ 
pear  in  the  heaven,  at  the  time  of  making  my  obfervation ;  when  this  is  done, 
it  is  eafy,  by  looking  firfl  on  the  heaven  and  then  upon  the  map,  to  fee  to 
what  parts  of  the  figure,  whether  to  the  eye,  fnout,  6cc.  the  refl  of  the  liars 
are  to  be  referred. 

606.  A  catalogue  of  the  flars  contains  both  the  conflellations  and  the  un¬ 
formed  liars,  with  the  number  of  liars  in  both,  and  the  place  of  each  liar : 
the  firfl  of  this  kind  amongfl  the  Greeks  was  made  by  Hipparchus  of  Rhodes, 
who  flourifhed  about  120  years  before  Chrifl:  he,  as  Pliny  informs  us,  Nat . 
Hijl.  1.  2.  c.  26,  upon  the  appearance  of  a  new  liar,  began  to  doubt  whether 
there  might  not  be  changes  amongfl  the  fixt  flars,  and  therefore  made  a  ca¬ 
talogue  of  them,  fetting  down  the  place  and  magnitude  of  each  flar,  that,  if 
in  time  to  come  any  new  flats  fhould  come  into  view,  or  any  of  thofe  obler- 
ved  by  him  fhould  increafe  or  be  diminiflied  in  magnitude,  or  fhould  totally 
difappear,  fuch  changes  might  be  known  to  after  ages:  here  we  have  one 
nj'e  op  a  catalogue  op  the  fars  pointed  out  to  us  ;  another  ufe  is  to  determine 
thereby  the  true  places  and  motions  of  the  heavenly  bodies. 

607  The  mofl  ancient  catalogue  now  remaining  is  that  of  Ptolemy a,  copied 
chiefly  from  Hipparchus ,  but  with  fome  few  alterations,  as  was  faid  §  594, 
he  fettles  the  places  of  the  flars  as  he  himfelf  obferved  them,  in  the  beginning 
of  the  reign  of  Antoninus  Pius ,  about  A.  D.  1 4*0  5  the  number  of  flars  in  this 
catalogue  is  1026.  In  imitation  of  Ptolemy ,  feveral  aflronomers  have  fince  his 
time  made  catalogues  of  the  flars,  computing  their  places  for  fome  year  in  or 
near  their  own  time:  this  perhaps  may  want  fome  explanation,  for  which 
purpofe  it  is  to  be  obferved,  that  the  place  of  a  flar  is  denoted  by  fetting  down 
its  longitude  and  latitude15,  and  that,  though  the  fixt  flars  keep  the  fame  fitua¬ 
tion  in  refpetft  of  one  another,  the  fphere  of  the  heaven  appears  to  have  a  flow 
motion,  by  which  the  longitude  of  all  the  flars  is  altered,  at  the  rate  of  about 
So"  in  a  year,  their  latitude  continuing  the  fame;  this  makes  it  neceffary  for 
any  one  who  makes  a  catalogue  of  the  flars  and  fets  down  their  longitudes 
and  latitudes,  to  tell  us  for  what  point  of  time  the  catalogue  is  calculated. 

608  The  Arabians  are  the  firfl  who  after  Ptolemy  obferved  the  flars,  and 
noted  down  their  places:  the  learned  Hydec  mentions  feveral  of  their  cata¬ 
logues,  and  published  the  mofl  confiderable  one  of  them  in  arabic  with  a  la- 
tin  tranflation,  it  was  made  by  Ulug  Beigh  grandfon  to  Tamerlane ,  from  his 

a  A  l mage  ft  1  7&  8.  b  What  the  longitude  and  latitude  offers  is,  will  be  Ihewn  hereafter, 

c  Pr&ftat.  ad  tabb.  Ulug  Beighi. 
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own  obfervations,  at  Samarcand :  the  number  of  the  ftars  contained  therein 
is  1022,  the  places  of  the  Stars  are  reduced  to  A.  D.  H37- 

609  The  noble  Tycho  Brahe*  tells  us,  that  he  had,  by  his  own  obfervations, 
rectified  the  places  of  1000  Stars,  and  that  he  put  that  number  upon  his  globe 
of  ten  feet  diameter;  notwithstanding  this,  his  catalogue  published  in  his 
progvmnafmata,  A.  D.  1602,  a  year  after  his  death,  and  afterwards  by  Lou - 
gomontanus  in  his  Aftronomia  Danica ,  contains  but  777  Stars,  with  their 
places  for  the  year  1600:  we  have  therein  fome  Stars  omitted  by  Ptolemy , 
though  the  whole  number  falls  Short  of  his,  becaufe  feveral  louthern  Stars, 
which  could  be  Seen  by  Ptolemy  at  Alexandria  in  Egypt,  are  not  vifible  in  Ty¬ 
cho's  more  northern  lituation  at  Uraniburg. 

610  About  the  fame  time  with  Tycho ,  William  Landgrave  of  Helfe,  aShSt- 
ed  by  Rothmannus  and  By  r gins,  obferved  the  liars,  and  inferted  400  of  them 
in  a  catalogue,  retftifying  their  places  to  the  year  1593. 

61 1  Bayer  in  his  Uranometria  published  a  catalogue  of  1160  Ears,  com¬ 
piled  chiefly  from  Ptolemy  and  Tycho,  together  with  very  beautiful  figures  of 
the  conStellationsb  :  one  thing  which  makes  this  work  valuable  is  this,  that, 
betides  deferibing  the  Stars  in  the  manner  ufed  by  Ptolemy ,  every  Star  is  marked 
with  fome  letter,  in  Such  a  method  that  the  biggefl  Star  of  every  constellation 
is  denoted  by  the  firfl  letter  of  the  greek  alphabet,  the  next  biggeft  Star  by  the 
fecond&c:  and  when  any  constellation  contains  a  greater  number  of  Stars 
than  that  alphabet  will  reach,  thofe  that  remain  are  marked  in  like  manner 
by  letters  of  the  Roman  alphabet :  by  this  means  every  Ear  is  as  eafily  diftin- 
guiSht,  as  if  it  had  a  proper  name  given  to  it :  thus,  if  mention  is  made  of  the 
Star  in  the  conifellation  of  the  ram  marked  by  Bayer  with  the  letter  y,  every 
allronomer  knows  as  well  what  Star  is  meant,  as  if  it  were  pointed  out  to 
him  in  the  heaven  :  this  invention  is  fo  ufeful,  that  Flamjleed  has  in  his  own 
catalogue  taken  in  Bayer  s  letters,  as  far  as  they  go;  as  Senex  alfo  has  done 
upon  his  globes  of  the  largeft  fize,  as  alfo  upon  his  planiSpheres. 

6 1 2  Kepler ,  who  had  the  ufe  of  Tycho's  obfervations,  published  a  catalogue 
of  1000  Stars  obferved  by  Tycho ,  at  the  end  of  his  Tabula  Rudolphina ;  he 
adds  thereto  thofe  ftars  of  Ptolemy's  catalogue  which  Tycho  had  omitted,  to¬ 
gether  with  thofe  of  the  new  fouthern  conftellations,  from  other  authors :  fo 
that  his  whole  catalogue  amounts  to  above  1160  :  their  places  are  computed 
for  the  year  1600. 


a  hi  ajlroti.  injlaurat.  mechanica.  b  Flamjleed,  after  others,  juftly  finds  fault  with  Bayer' s  figures, 

for  being  inverted  ;  it  feeras  the  author  himfelf  made  the  fame  complaint,  laying  the  fault  upon  the  de- 
figner  or  engraver.  Ricciol.  /.  6.  pag.  411. 
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613  The  celebrated  Hevelius  is  next  to  be  mentioned;  he  compofed  a  ca¬ 
talogue  of  1888  dars,  whereof  1553  were  obferved  by  himfelf:  the  places  of 
them  were  computed  by  him  for  the  year  1660. 

614  The  larged;  and  mod  complete  of  all  is  the  Britilh  catalogue  of  the 
diars,  owing  to  the  labours  of  Mr.  Flamjieed ,  Royal  profeffor  of  adronomv 
at  Greenwich;  it  contains  no  lefs  than  3000  liars,  many  of  which  are  fo  fmall 

'  that  they  cannot  be  feen  without  the  help  of  a  telefcope,  the  places  of  them 
are  rectified  to  the  year  1689:  we  have  it  in  the  3d  volume  of  his  Hijloria 
Caeleftis ,  wherein,  beddes  that  of  Ptolemy  which  is  to  be  met  with  in  a  great 
many  other  books  of  adronomy,  we  have  alfo  the  above  mentioned  cata¬ 
logues  of  Ulug  Beigh ,  Tycho,  the  Prince  of  Hcjfe,  and  Hevelius ,  reprinted;  to¬ 
gether  with  an  account  of  each  of  them  in  the  P?vlegomena. 

615  The  greated  number  of  jlars  is  to  be  feen  in  a  winter’s  night,  when 
the  air  is  clear,  and  no  moon  appears:  but  adronomersa  tell  us  that  a  good  eye 
can  hardly  reckon  above  1000  liars  at  a  time  in  the  vilible  hemifphere  :  for 
though  in  a  clear  night  without  moon-dfine  they  feem  to  be  innumerable, 
this  is  a  deception  of  the  fight,  arifing  from  their  drong  fparkling,  and  our 
looking  at  them  in  a  general  and  confufed  manner  without  reducing  them 
into  any  order:  whereas,  if  we  come  to  view  them  didinddy,  and  conlider  a 
fmall  part  of  the  fphere  of  the  heaven  at  a  time,  we  fhall  not  ealily  difcover 
a  dngle  liar  but  the  fame  has  been  obferved  by  fome  adronomer,  and  is  in- 
ferted  in  his  catalogue,  and  has  found  a  place  upon  the  celedial  globes  of  the 
larged  fize.  Some  perfons  are  able  at  the  fame  time  to  fee  a  greater  number 
of  dars  than  others,  by  reafon  of  the  difference  there  is  in  mens  eyes:  I  have 
my  felfmore  than  once  feen  leven,  and  a  learned  adronomical  friend  allures 
me  he  has  feen  eight  dars  among  the  Pleiades ,  where  common  eyes  can  dif¬ 
cover  but  fix,  according  to  that  often  quoted  verfe  of  Ovid , 

ifuce  feptem  dici,  fex  tamen  efe  folent. 

Which  fev’n  are  call’d,  though  only  dx  appear  : 
but  this  is  nothing  to  what  Kepler  b  fays  of  his  tutor  Mceftlinus,  that  he  could 
reckon  14  dars  in  the  Pleiades  without  any  glalfes,  and  of  an  ecclefndic, 
who  could  in  a  clear  night  count  to  the  number  of  40  in  the  buckler  of  Orion. 
We  mull  therefore,  notwithstanding  what  was  faid  in  the  beginning  of  this 
fe<ftion,  be  forced  to  acknowledge  the  number  of  the  dars  to  be  vailly  great, 
though  there  be  no  reafon  to  think  it  infinite,  as  Jordano  Brunoc  would  have 
us  believe. 


a  Keil’s  Aftron.  led.  6.  v.  Ricciol.  Almagefl.  1.  6.  p.  41 1. 
C  ap.  Ricciol  Aim.  1.  6.  pag.  412 
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6 1 6  An  ordinary  telefcope  will,  in  feveral  parts  of  the  heavens,  difcoverten 
times  as  many  ftars  as  are  vifible  to  the  naked  eye:  Hook  in  his  Micrographia 
page  241,  fays,  that  with  a  telefcope  of  12  feet  he  counted  78  ftars  among 
the  Pleiades ,  and  with  a  more  perfect  telefcope  was  able  to  fee  a  great  many 
more:  Galileo  found  2  1  in  a  cloudy  far  in  Orion ,  and  reckoned  at  leaf  80 
in  the  fpace  between  his  belt  and  his  fword,  and  above  500  in  anothei  part 
of  him  within  the  compafs  of  one  or  two  degrees  fquare ;  fo  that  he  was 
difcouraged  from  proceeding  in  his  intention  of  obferving  all  the  ftars  ol  that 
conftellation  :  this  makes  the  account  Antonins  Maria  de  Pheita a  not  im« 
probable,  who  affirms  that  he  counted  therein  about  2000. 

617  That  part  of  the  heaven  which  is  called  the  milky-way  is  found  by 
the  telefcope  to  owe  its  whitenefs  to  a  great  number  of  ftars  fcattered  therein, 
too  fmall  to  appear  diftindt  to  the  naked  eye:  the  like  is  true  of  leveral  bright 
fpots  in  the  heaven,  which  appear  like  imall  white  clouds :  the  greater  per¬ 
fection  telefcopes  are  brought  to,  the  greater  number  of  ftars  will  they  dis¬ 
cover  j  and  yet  there  is  no  queftion  to  be  made,  but  that,  whatever  perfection 
they  can  be  brought  to,  there  will  ftiil  remain  out  of  their  reach  a  great 
number  of  ftars  fcattered  through  the  vaft  abyfs  of  immeafurable  fpace,  fo 
that  we  have  reafon  to  believe,  that  only  that  infinitely  wile  and  powerful 
Being  who  created  them  is  able  to  tell  the  number  of  the  ftars,  and  to  call 
them  all  by  their  names. 


CHAP.  3.  THE  SOLAR  SYSTEM*.  A  PLURALITY  OF  WORLDS. 

618  ‘The  folar  fyftem  confifts  of  the  fun  with  the  planets  and  comets  which 
perform  their  revolutions  round  him :  and  may  be  thus  defcribed,  in  the 
midft  of  a  vaft  cavity  furrounded  every  way  with  ftars,  which  are  all  at  an 
immenie  diftance  from  the  fun  and  from  one  another,  is  placed  the  Jan,  a 
vaft  globe  of  fire,  fixt  as  to  his  fituation,  whilft  our  earth  with  the  five 
planets  and  feveral  comets  perform  their  revolutions  round  him,  at  diffe¬ 
rent  diftances  from  him,  and  in  different  periods  of  time.  The  planets  may 
be  confidered  as  fo  many  earths,  which  are  in  different  degrees  enlightned 
and  warmed  by  the  fun ;  perhaps  they  may  be  inhabited  by  creatures  both 
rational  and  irrational,  though  very  different  from  thole  upon  our  earth.  To 
an  inhabitant  of  any  of  the  planets  our  earth  would  appear  like  one  of  the 
reft  of  the  planets:  in  this  view,  we  may  reckon  the  earth  among  the  pla¬ 
nets.  Phe  names  of  the  planets  are  thefe,  the  neareft  to  the  lun  mercury,  the 

a  In  radio  Sydereomyji.  p.  197  Ricciol.  /.  6  p ■  413*  $ee  Sherburne’s  A otes  upon  Manilius/.  J 57. 
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next  to  him  in  order  venus,  then  the  earth,  mars,  jupiter,  faturn.  For  a  further 
account  of  the  names  of  the  planets  fee  the  remarks  at  the  end  of  this  chapter. 

6 1 9  The  difiances  oj  the  planets  Jrom  the  fun  are,  in  round  numbers,  in 
the  following  ratio :  if  we  imagine  the  diftance  of  the  earth  from  the  fun  to 
be  divided  into  10  equal  parts,  the  diftance  of  mercury  from  the  fun  is  4, 
the  dillance  of  venus  7  of  thofe  parts,  the  difiance  of  mars  1 5 ,  of  jupiter 
52,  of  faturn  95.  How  thefe  proportional  or  comparative  diflances  are 
found  out,  will  be  the  fubjed:  of  enquiry  in  another  place;  as  will  alfo  what 
the  real  abfolute  diflances  of  the  planets  from  the  fun  are,  in  fome  known 
meafure,  and  by  what  means  we  difcover  them.  When  we  compare  the  di¬ 
flances  of  the  feveral  planets  from  the  fun,  in  a  loofer  and  more  general  way, 
we  call  thofe  fuperior  which  are  further  from  the  fun,  thofe  inferior  which 
are  nearer  to  him:  thus,  in  refped  of  our  earth,  venus  and  mercury  are 
the  inferior,  mars,  jupiter  and  faturn  the  Juperior  planets :  in  order  to  ex¬ 
plain  the  appearances  of  the  inferior  planets,  it  will  be  fometimes  fufficient 
to  confider  only  one  of  them,  the  cafe  of  the  other  being  fo  much  the  lame 
as  not  to  want  a  particular  explanation :  in  like  manner,  there  is  fo  great  a 
fimilitude  between  the  feveral  cafes  of  the  fuperior  planets,  that  an  illuflra- 
tion  of  one  will  make  it  eafy  to  underfland  the  refl. 

620  T’he  periodical  times  of  the  planets ,  in  which  they  go  round  the  fun,  are 
in  round  numbers,  as  follows :  mercury  goes  round  the  fun  in  3  months, 
venus  in  7  months,  the  earth  in  12  months,  mars  in  2  years,  jupiter  in 
12  years,  faturn  in  30  years. 

621  The  abovementioned  are  called  primary  planets ,  to  diflinguifh  them 
from  others  of  an  inferior  order;  for  fome  of  the  primary  planets,  in  their 
revolutions  round  the  fun,  are  attended  with  other  globular  bodies  fmaller 
than  themfelves,  which  are  called  fecondary  planets,  moons ,  or  J'atellits:  thus, 
our  earth  is  attended  by  the  moon,  jupiter  has  four  moons  or  fatellits,  which 
are  not  vifible  without  the  telefcope,  and  faturn  has  five,  which  cannot  all 
be  feen  without  the  help  of  very  long  telefcopes  in  a  very  clear  air. 

622  Though  the  moon  be  lefs  than  any  of  the  primary  planets,  yet  file  is 
fo  much  nearer  to  us,  that  (he  appears  much  larger  than  any  of  them  do, 
and  gives  a  great  deal  more  light  than  all  the  flars  and  planets  together:  on 
account  of  this,  and  of  her  appearing  nearly  of  the  fame  dimenfions  with  the 
fun,  the  fun  and  moon  are  called  two  great  %^,.and  the  moon  is  called  the 
leffer  light a,  as  being  vaftly  inferior  to  the  fun  in  brightnefs  as  well  as  mag¬ 
nitude.  The  moon,  by  enlightning  the  darknefs  of  the  night,  which  (he  is- 
therefore  faid  to  rule,  as  the  fun  is  to  rule  the  day,  and  by  her  various* 

a  Gen .  1.  16, 
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appearances  dividing  the  year  into  parts,  which  from  the  moon  are  called 
months ,  is  of  great  coniideration  to  the  inhabitants  of  the  earth:  not  to  men¬ 
tion  at  prefent  the  certain  influence  fhe  has  upon  the  tides,  and  that  lefs  cer¬ 
tain  upon  the  weather. 

623  The  characters  of  the  fun ,  moon,  and  planets ,  which  are  often  put  to 
fignify  them,  are  thefe  that  follow:  the  fun  ©,  the  moon  I ,  mercury  5  , 
venus  9  ,  the  earth  ©,  or  ©,  mars  6  ,  jupiter  faturn  h.  For  an  account 
of  thefe  characters  fee  the  remarks. 

624  The  number  of  comets  which  go  round  the  fun  is  not  yet  afcertained: 
fo  many  different  ones  have  been  obferved,  as  to  aflfure  us  there  are  at  the 
leaft  20  of  them,  but  of  thefe  there  are  only  3  or  4  whofe  periodical  times 
and  diftances  from  the  fun  are  certainly  known:  it  is  probable  the  number 
of  comets  belonging  to  the  folar  fyftem  is  greater  than  was  juft  now  men¬ 
tioned,  for  fome  of  them  may  be  too  fmali  to  be  feen  without  glafles,  and 
the  difcovery  of  fuch  muft  be  owing  to  their  accidentally  falling  within  the 
telefcope  of  fome  aftronomer,  who  is  looking  at  the  heaven  upon  fome  other 
account ;  others,  that  in  fome  part  of  their  courfe  approach  near  enough  to 
the  earth  to  be  vifible  to  us,  may  at  the  fame  time  happen  to  be  fo  near  the 
fun,  as  for  that  reafon  to  efcape  obfervation;  for  the  fplendor  of  his  rays  is 
fuch,  that  the  brighteft  ftar  or  planet  difappears  when  it  is  immerfed  therein, 
and  requires  to  be  at  fome  diftance  from  him,  in  order  to  be  difcernable  to  us. 

625  Every  fixt  ftar  may  be  a  fun  furrounded  with  its  proper  planets  and 
comets :  the  fixt  ftars  feem  to  be  of  the  fame  nature  with  the  fun,  Alining 
with  their  own  light  as  he  does,  many  of  them  may  equal  and  even  furpals 
him  in  magnitude;  the  reafon  of  their  appearing  fo  imail  is  their  exceeding 
great  diftance  from  us.  When  we  fpeak  of  a  plurality  of  worlds ,  the  word 
world  does  not  fignify  the  univerle,  as  in  the  definition  §  581,  but  is  taken 
in  a  more  reftrained  fenfe :  for  we  may  either  mean  that  the  feveral  planets 
are  habitable  in  like  manner  as  our  earth  is,  which  in  common  fpeech  we 
fometimes  call  the  world  ;  .or  we  may  by  the  world  underftand  the  whole  fo¬ 
lar  fyftem,  and  confider  the  ftarry  fy Jl e ms ,  that  is,  the  feveral  fixt  ftars  with 
the  planets  and  comets  belonging  to  each  of  them,  as  fo  many  different 
worlds:  in  one  or  other  of  thefe  fenfes  fome  of  the  ancient  philofophers,  as 
well  as  the  moderns,  have  held  a  plurality  of  worlds:  but  this  fpeculation  will 
be  better  refumed  hereafter,  when  we  have  coniidered  the  planets  of  the  fo¬ 
lar  fyftem  more  diftindtly,  and  feen  how  well  they  appear  fitted  for  the  ha¬ 
bitation  of  animals. 
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Remarks  upon  the  names  of  the  planets  in  the  foregoing  chapter. 

626  The  abovementioned  names  of  the  planets  are  the  roman  names  of 
heathen  gods :  as  idolatry  was  propagated  at  firft  from  the  eaft,  we  mu  ft 
fearch  for  the  origin  of  both  the  greek  and  the  roman  names  of  their  deities 
among  the  eaftern  languages,  as  learned  men  have  done  with  good  fuccefsa. 
I  make  no  queftion,  but  the  planets  had  originally  other  names  given  them, 
which  were  exprefiive  of  the  nature  of  their  motions,  or  appearances,  or  of 
the  influences  they  were  thought  to  have :  fome  ancient  greek  names,  which 
we  meet  with  in  feveral  authors b,  feem  to  be  of  this  fort:  there  we  find  fa- 
turn,  whofe  common  greek  name  cronos ,  time,  was  given  him  upon 

account  of  the  flownefs  of  his  motion0,  was  alfo  called  pa/var  phcenon ,  i.  e, 
appearing  or  Alining  d:  he  is  thought  to  have  received  this  appellation,  be- 
caufe  of  all  the  planets  he  is  the  feldomeft  hid  by  the  rays  of  the  fun,  or  elfe, 
his  light  being  the  dimmed:  of  them  all,  he  was  called  fo  out  of  a  fuperfti- 
ticus  cuftom  the  ancients  had  of  giving  good  names  to  bad  things  for  the 
fake  of  good  luck :  his  ancient  hebrew  name  is  thought  to  be  khiun  e.  He 
was  counted  unfortunate,  and  of  a  malign  influence,  for  no  better  reafon, 
I  believe,  than  for  his  being  thought  cold  and  dry  by  reafon  of  his  great  di- 
ftance  from  the  heat  of  the  fun  and  the  vapours  of  the  earth,  and  his  ap¬ 
pearing  of  a  pale  leaden  hue :  for  the  aftrologers  judged  of  the  nature  of  the 
planets  by  their  colour f. 

phaethon  is  an  ancient  greek  name  of  the  planet  jupiter,  it  is  taken 
from  his  brightnefs,  Homer  applies  the  fame  word  to  the  fun  as  an  epithet  g. 
His  ancient  hebrew  name  is  thought  to  be  gad ,  he  has  other  names  khokhab 
zedec ,  the  ftar  of  juftice,  and  mazal  tob h,  good  fortune:  but  thefe  are  of  la¬ 
ter  date.  The  aftrologers  pretend  he  is  of  a  benevolent  nature,  as  being  of  a 
middle  temperament,  between  the  heat  of  mars  and  the  coldnefs  of  faturn. 

Mars  was  by  the  ancient  greeks  called  7 rugoas  pyroisy  fiery,  his  perfian  and 
arabic  names,  aznr  and  azery  fignify  fire1,  all  from  his  red  fiery  appearance j 
which  I  believe  is  the  beft  reafon  the  aftrologers  have  for  imagining  this 
planet  unfortunate,  and  particularly  to  be  a  promoter  of  war  and  bloodftiedk. 

a  Vo  (Tuts,  Selden,  Hyde.  b  Autor  de  mundo  inter  Ariftot.  opera,  Cicero  de  not.  deor.  1.  2. 

Hyginus,  Martianus  Capella  IA  alii.  c  K.apv&-  dicitur  qui  eji  idem  %'>$*'&',  id  efl  temporis  fpatium , 

Cicer.  de  vat.  deor.  1.  2.  d  Zx/az-h.  Hefych.  e  |VD  Amos  j  5.  f  Stellarum  naturas  Chald&i 

fccas,  frigidas,  humidas ,  juxta  colorum  diverjitatem  deprehendijfe  Jibi  ‘videntur,  inquit  Albumafar,  intro  dud. 
1.  4.  c.  4.  ubi  plura  hue  fpedantia.  g  11.  X.  <v.  734-  h  Selden.  de  Diis  Syr.  Syn- 

tag.  I .  c .  t  i  Hyde  de  relig.  vet.  Perfar.  pag.  63.  ab  azer  fortajfe  per  metntbefin,  vil  ab 
ariz,  for  tie,  v.  Selden.  de  Diis  Syr.  Syntag.  t.  c.  6.  k  AJirologis  fella  jovis  aut  veneris  conjunda- 

tum  l nna  ad  orlus  puerorum  falutaris,  faturni  martifve  contraria.  Cicero  divitiat.  1.  \ .  profperns  &  fain- 
fan's  fulgur  jovis,  ratlins  horribilifque  martis.  Cic.  fimn.  Scipion. 
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Venus  was  called  eaerQops  eofphoros ,  the  morning  ftar,  and  Qaa-po^s  phof- 
pkoros ,  the  harbinger  of  light,  when  (he  appears  in  the  morning,  rifing  be¬ 
fore  the  fun  ;  and  eo-7rego$  hejperos ,  or  the  evening  ftar,  when  fhe  fets  after 
him:  under  the  firft  and  lafb  of  thefe  names  fhe  is  mentioned  by  Homer ,  who 

juftly  ftiles  her,  as  Milton  does  alfo,  F aired:  of  ftars  a -  It  may  be  obferved 

upon  this  occafion,  that  both  greek  and  roman  writers  frequently  comprehend 
under  the  name  of  ftars  all  the  heavenly  bodies  in  general,  which  appear  as 
fuch  to  common  obfervers:  we  do  the  fame  in  englifh,  complying  herein 
with  the  vulgar,  who  are  unacquainted  with  the  difference  between  the  ftars 
and  planets.  Venus  is  thought,  upon  the  account  of  her  beautiful  light,  to  have 
been  the  firft  of  the  planets  to  which  religious  worfhip  was  paid;  (he  was 
adored  in  the  eaft  under  various  names  b.  The  aftrologers  count  her  fortu¬ 
nate,  the  ancients  thought  her  to  be  moderately  hot,  by  reafon  of  her  nearnefs 
to  the  fun,  and  moift,  becaufe  they  were  fuch  philofophers  as  to  fancy  fhe 
was  near  enough  to  the  earth  to  be  within  reach  of  the  vapours  afcending 
from  thence  ;  upon  account  of  thefe  two  qualities,  they  imagined  this  to  be 
a  prolific  planet 

Mercury  is  generally  fo  near  the  fun  that  he  is  feldom  feen,  this  occafion- 
ed  him  to  be  unknown  to  the  Greeks,  and  confequently  unnamed  by  them, 
for  fome  time;  they  called  him  tiXQccv  Jlilbon ,  from  his  bright  fhining,  his  light 
being  exceedingly  vivid  and  fparkling  beyond  the  reft  of  the  planets  :  the 
aftrologers  think  him  to  be  of  an  indifferent  nature,  of  good  or  bad  influ¬ 
ence  according  to  the  quality  of  the  ftars  and  planets  with  which  he  is  in 
conjunction. 

The  fun  was  called  by  the  Phenicians  beel  famenc,  the  lord  of  heaven, 
being  the  moft  glorious  of  the  heavenly  bodies;  his  common  greek  name 
elios  is  derived  from  el ,  one  of  the  names  of  God:  his  moft  an¬ 

cient  Hebrew  name  is  JhemeJh ,  a  minifter  or  fervant,  from  his  being  conftant- 
Jy  employed  in  the  fervice  of  the  world,  fay  the  lexicographers,  but  I  rather 
think  from  his  being  the  minifter  or  fervant  of  the  creator,  by  whom  he  was 
jnade  and  appointed  to  rule  the  day,  to  divide  the  light  from  the  darknefs, 
and  to  diftribute  heat  and  light  over  the  earth  :  he  had  other  names  from 
his  heat,  as  non  khamma>  pire  d,  or  from  his  light,  as  orus,  pbcebus,  phanesc ; 
the  name  mithra ,  by  which  he  was  known  among  the  Perfians,  is  by  Vojjius f 
derived  from  mither ,  which  in  their  language  lignifies  great,  but HydeZ,  whofe 

a  Iliad.  X.  v.  318.  Eo-xi ojs  0?  x.ccX\istc,  ty  ts^yu  wren  b  Voflius  Idololatr.  Selden.  de 

pi  is  Syris.  Hyde  de  rel.  vet.  Per/ar.  c.  3.  c  v.  Selden-  de  Diis  Syr.  Sytitag.  2.  c.  1.  Sol  dux,  princeps 
&  moderator  reliquorum  luminum.  Cic.  fomn.  Scipion.  d  Dicunt  JEgyptii  folem  mg*,  ab  ignea 

virtute.  Kircher.  Prodrom.  Copt  p.  146.  e  Orus  ab  TIN'  lux.  Qayric,  Sol,  VolT  de  Idol.  I  2.  c.  7. 

Kxdcce©-,  Xxpuxp^.  Hefy<;h.  f  De  Idololatr.  1.  z.  c.  9.  g  Derel.v.  Per/.c.  4. 
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confummate  fkill  in  the  perfian  learning  makes  his  opinion  of  great  weight, 
derives  it  from  mihr ,  love  or  mercy,  becaufe,  fays  he,  the  whole  world  is 
cherifhed  by  the  fun,  and  feels  the  effedts,  as  it  were,  of  his  love:  that  learn¬ 
ed  writer,  from  their  own  books,  has  fhewn  at  large  that  the  Perfians  did 
not  worfliip  the  fun,  as  they  are  by  a  great  number  of  authors  faid  to  have 
done,  but  only  confidered  him  as  a  glorious  and  beautiful  light,  and  the  fit¬ 
ted:  fymbol  of  the  divinity  which  is  to  be  met  with  among  the  vifible  parts 
of  the  creation  j  and  therefore  they  paid  him,  not  divine  adoration,  but  only 
a  civil  refpedt,  as  they  didalfo  to  the  fire  and  other  elements:  and  that  their 
turning  themfelves  towards  the  rifing  fun,  or  their  facred  fire,  in  their  de¬ 
votions  was  the  occafion  of  their  being  thought  to  worfhip  them.  And  yet  I  am 
apt  to  believe  that,  whatever  the  wifer  fort  among  them  might  practice  them¬ 
felves  or  teach  others,  many  of  the  common  people  even  among  the  Perfians 
worshipped  both  the  fun  and  the  fire:  the  experience  of  ail  times  and  places 
Shews  how  apt  men  are,  efpecially  the  vulgar,  to  pafs  from  the  ufe  of  fymbo- 
lical  reprefentations  of  the  divinity  to  the  worfhip  of  the  fymbols  themfelves. 
But  whatever  the  Perfians  did,  it  is  certain  that  other  nations  worshipped  the 
fun  by  the  name  of  Mithra:  the  Greeks  are  faid  to  have  had  a  temple  at  A- 
lexandria  where  they  offered  human  facrifices  to  him,  and  there  are  feveral 
roman  infcriptions  remaining  wherein  Mithra  is  fiiied  the  invincible,  al¬ 
mighty  and  mofl  holy  god.  v.  Hyde  de  relig.  vet.  Per  far.  p.  1  i2.a 

The  names  of  the  moon  <n\wA  felene  in  greek,  and  lima  in  latin,  are  both 
derived  from  words  which  fignify  light)  one  of  her  names  in  hebrew 
lebanah  is  from  her  whitenefs,  another  HT  yareakh  is,  as  fome  tell  us,  from 
a  word  which  fignifies  to  refrefh  ;  becaufe  fhe  was  thought  to  refrefh  the 
earth  with  her  influences. 

The  greek  names  of  the  planets  abovemen tioned  are  egyptian  names  ex- 
preflfedin  greek  words  of  like  import)  it  is  common  when  names  have  a  known 
fignification  in  their  original  language,  for  an  author  who  writes  in  another 
language  to  exprefs  the  meaning  of  them  in  words  of  a  like  fignification,  though 
of  a  very  different  found :  there  are  many  examples  of  this  in  the  tranflation 
of  the  old  teftament  by  the  feventy.  The  words  <pmm,  teGav  &c.  are  manifefi- 
ly  greek,  and  yet  thefe  are  exprellly  faid  to  be  egyptian  names  by  the  au¬ 
thors  quoted  in  the  margin b. 

627  We  have  in  Hyde  the  chinefe  names  from  a  learned  native  of  Chinac: 
fome  of  them  are  taken  from  fuch  things  as  they  believe  to  be  under  the  par- 

a  vide  etiam  infcriptiones  a  Grutero  et  Reinefio  editas. 

b  Achilles  Tatius  p-  136.  ed.  Petav.  Manetho  apud  author  cm  chronhi  Alexandrini ,  p.  108.  ed. 
Raderi,  r ot  yccp  teyotxsvot  x-jovou  s  <y,Aot/v  rzv  AcOfjumvTos,'  rot  at  rot  A  A*twc,  Tot  7cv- 

£u6n‘  rot  h  Appot'iroi  Tovt&Mw  rov  A  E ofAQv  rot  <u.\not m.  c  de  relig.  vet.  Perfar.  p.  zzi. 
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ticular  dominion  of  each  planet ;  thus,  they  call  mercury  Jhiu  water  :  why 
that  planet  is  thought  to  prefide  over  that  element  we  are  not  told,  it  may 
be  perhaps  from  his  being  vifible  only  when  near  the  horizon, in  the  morning 
or  evening,  when  the  air  is  commonly  moift:  he  is  alfo  called  tchin  the  morn¬ 
ing  (far:  one  name  for  venus  is  kin  gold,  another  tat  pe  very  white:  they 
call  mars  ho  fire,  and  yungh  flame:  jupiter  is  called  mo  wood,  and  gut  a  year; 
for  what  reafon  it  is  not  very  eafy  to  guefs :  faturns  name  is  tu  or  ticn  i.  e, 
earth,  perhaps  from  the  dullnefs  of  his  afpedt. 

628  The  dominion  of  the  heavenly  bodies  was  fancied  by  fuperflitious  an¬ 
tiquity  to  be  fo  extenfive,  that  the  fun,  moon  and  planets  had  each  of  them 
a  particular  conflellation  or  portion  of  the  heaven  afligned  to  it,  wherein 
when  they  were  pofited  they  were  fuppofed  to  be  moft  powerful  in  their  in¬ 
fluence;  and  were  therefore  faid  to  be  in  their  exaltation:  as  when  in  the 
oppofite  point  of  heaven  they  were  faid  to  be  in  their  fall  or  detriment,  and 
thought  to  be  weak.  Befides  this,  every  one  of  them  had  its  peculiar  colour, 
metal,  (lone,  tree,  plant,  fruit,  flower,  animal,  number,  day,  hour,  &c.  al- 
figned  to  it;  from  whence  are  derived  the  fuppoled  virtues  of  amulets  and 
talifmans:  for  the  dealers  in  thefe  fooleries  pretend  that  there  is  a  fympathy 
between  the  heavenly  bodies  and  thofe  things  which  are  under  their  domi¬ 
nions,  io  that,  for  inflance,  that  plant,  metal,  colour  &c.  over  which  any 
planet  prefides  has  reciprocally  a  power  of  attracting  the  influences  of  that 
planet.  Hyde  de  relig.  vet.  Perfar.p .  63  £•?  129. 

629  I  have  before  obferved,  §  597,  that  zabiifm  or  the  worfhip  of  thehoffc 
of  heaven  was  the  moll  ancient  kind  of  idolatry  a,  the  cuftom  of  deifying 
dead  men  was  later,  though  that  alfo  is  very  ancient  b :  when  this  practice 
began,  it  was  ufual  to  make  the  people  believe  the  departed  hero  was  gone 
to  take  up  his  refidence  in  the  heaven,  or  in  one  of  the  heavenly  bodies, 
which  upon  this  occafion  was  confecrated  to  himc :  from  hence  came  the per- 
Jonal  names  oj  the planetsy  as  we  may  call  thofe  in  common  ufe,  becaufe  they 
were  taken  from  perfons  deified;  though  after  the  planets  had  received  thofe 
perfonal  names  from  deified  heroes,  the  reverfe  of  this  became  cuftomary, 
and  princes  and  great  men  frequently  took  their  names  from  ‘the  planets  d. 
The  mofl  ancient  author e  now  remaining  who  mentions  any  names  of  the 

a  <v-  &  Maimonid.  de  Idololatri ay  cap.  i .  b  Some  think  Mifraim  was  the  firft  who  deified  his  father 
Ham,  whofe  name  DH  has  die  fame  fignification  with  the  greek  name  of  Jupiter.  Cumberland's  San - 
chant  atho  p.  37,  156,  199.  c  We  may  fee  fomething  like  this  pra&iled  in  later  times,  in  the  deify ino- 
Julius  c  Si  far  and  Antinous,  <v.  Sueton.  in  Julio,  c.  88.  tsfXiphilin.  in  Adriano,  d  <v.  cbronicsn  A  lex  an  dr  in. 
f.  .>4.  86.  89.  90  &  Hyde  de  relig.  <vet.  Perfar.  p  65 .  e  Timaeus  Locrus  de  anima  mundi ,  inter  opera  Pla- 
tcms,  p.  99  id.  Serrani,  if  ex  eo  Plato  in  Timaeo,  p.  38.  ant  or  de  tnundoy  apud  quern  hue  occurrunt  prope  in- 
ittum y  0  too  Qxivovt  ,  a ^  x^iou  Kcthou/Aivoi  xvkAoc,  <ps£ns  fo  0  put&o\nic),  A«e?  AsyojM.i>o?.  u6'  0  ttu^o h<,i  0  Yiex- 
n  \!U  Aitos  »|>as  o  « o>  ueov  EffAo  v  uphousv  tnot,  7ms  fo  Aa/>os.  fjod  o*  j  rsy 

planets, 
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planets,  calls  that  neareft  the  fun  the  ftar  facred  to  Hermes,  others  called  it 
the  ftar  of  Apollo.  Mars  was  by  the  Egyptians  called  the  ftar  of  Hercules, 
by  the  Babylonians  Thurrasf,  Homer  ufes  a  word  very  like  this  laft  for  an 
epithet  of  Mars  as  a  deityS,  his  name  in  the  ancient  Etrufcan  language  was 
iuran\  but  it  is  not  certain  the  planet  was  called  by  that  name.  Venus,  which 
was  by  lome  named  the  ftar  of  Juno,  among  the  Egyptians  was  called  the 
ftar  of  Ifis,  as  jupiter  was  the  liar  of  Ofiris.  The  fun  as  one  of  the  heathen 
deities  had  the  name  of  Apollo,  Phoebus  &c.  the  moon  as  a  goddefs  had  great 
variety  of  names,  IJts,  Diana ,  Hecate ,  &c.  See  p.  179,  note  c. 

630  This  divert! ty  of  names  arifes  from  different  perfons  having  had  the 
fame  ftar  confecrated  to  them:  it  was  before  obferved,  that  the  Greeks  ap¬ 
plied  thofe  ftories  to  their  own  heroes  which  the  Egyptians  did  to  theirs;  it 
may  be  obferved  further,  that  a  great  deal  of  the  confufion  which  we  find  in 
the  hiftories  of  the  heathen  gods  is  owing  to  this,  that  the  ancients,  at  diffe¬ 
rent  times,  deified  various  perfons  under  the  fame  name:  thus,  there  were  fe- 
veral  Mercuries,  feveral  Marses,  feveral  Venuses,feveral  Apolloes&c1,  and  fuch 
a  number  of  Jupiters,  that  Varro  is  faid  to  have  reckoned  up  no  lefs  than  three 
hundredk.  Again,  when  any  of  the  eaftern  or  northern  nations  are  faid  by  the 
ancients  to  have  worfhipped  any  of  the  grecian  or  roman  deities,  as  Hermes, 
Jupiter,  Apollo,  Saturnus ;  we  muft  not  imagine  they  worfhipped  them  un¬ 
der  the  greek  or  roman  names,  but  the  writer  in  that  cafe  calls  the  idol  by 
the  name  of  fome  deity  of  his  own  country,  which  came  the  neareft  to  it  in 
the  fabulous  account  of  its  actions,  power  and  influence,  and  in  the  kinds 
of  worfhip  which  ufed  to  be  paid  to  it:  thus,  whereas  the  northern  nations 
anciently  adored  the  god  whom  they  imagined  to  prefide  in  battle,  and  to  be 
the  difpofer  of  victory,  a  roman  writer  would  tell  us  they  worfhipped  Mars; 
in  like  manner,  if  a  grecian  hiftorian  were  to  fpeak  of  the  Egyptians  paying 
divine  honours  to  Thoth,  as  the  inventor  of  letters,  arithmetic  and  feveral  o- 
ther  arts,  he  would  fay  they  worfhipped  Hermes. 

I  ftiall  conclude  thefe  remarks  about  the  names  of  the  planets,  with  ob- 
ferving  that  the  confecrating  Cronus  into  the  planet  faturn  appears  to  have 
been  mentioned  in  very  ancient  hiftory1,  fee  Cumberland’s  Sanchoniatho  p.  37. 
that  learned  prelate,^.  1 13,  takes  Cronus  to  be  Ham,  and  derives  this  name 

<p*nr<P'eov,  ov  A<t>p«h-nict  of  h  Hccic,  <z?&(m'yoetvt>v(nv.  f  Chronicon  Alexandrin.  p  S8.  v.  etiam  Sal- 

rnaf.  Plinian.  exercit.  p.  123;.  g  Qwecv  A^x  iliad.  E.  id  paffttn.  h  v.  Gorii  Muf&um  Etrufcum 
vol.  2.  p.  1 1 3 .  taran.  Cambro-Britannis  tonare  fignificat.  V01T.  Idol  l.  2.  c.  33.  prater  Jo  vein  alios 
etiam  Deos  id  in  bis  Martein  tonare ,  id  fibi  propria  habere  fulmina ,  crcdebant  Etrufci.  Plinius  N.  Htjl. 

/.  2.  c.  20  id  52.  Vofi  Idol.  1.  3.  c.  8.  Gorius  Mufxi  Etrufci  vol.  2.  p.  79.  i  Cicero  de  nat. 

Deor.  1.  3.  k  J  ovis  nomine  fabulof a  antiquitas  dignat  a  ejl  regcs  id  principes ,  quifui  ordinis  cuter  os 

potentia  antijlarent  ;  itaque  vide  as  nullo  prope  feculo  defuijfe  fuum  Jove  in,  ufque  ad  tempora  belli  Ttojani. 
Voff.  de  Idol.  1.  1.  c.  lij.-  i  Philo,  ap.  Eufeb.  Prsp.  Evang.  p.  40  id  ic6.  ed.  Vigen. 
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Fig.  of  him  from  pp  a  word  which  imports  fuch  an  illultrious  perfon  as  a  king. 
Ref  has  is  the  name  of  faturn  in  the  Coptic  language,  Kircher.  Prodr.  Copt, 
p.  147, the  feventy  render  Chinn  i  nAmos  5.  25,  by  Rephas-,fomz  copies  feem  to 
have  Y&dRemphan,  Ablsy.  ^.^'ytheBp.p.  22 1,  derivesit  from  N£H  a  word  which 
imports  that  healthful  conllitution  that  produces  long  life,  growth  to  great 
ftature,  and  ftrength:  this  is.  more  probable  than  what  l'ome  learned  men 
think,  that  the  feventy  read  pi  inftead  of  p3,  the  bottom  of  the  letter  3  be¬ 
ing  effaced  in  their  copy.  Ham  was  efpecially  deified  and  adored  of  all  the 
giants  before  and  after  the  flood,  the  mightiefl  men  of  his  race  gloried  in  their 
likenefs  to  him,  and  therefore  affeCted  to  be  called  Rephaim.  The  Bp.  p. 
199,  thinks  Sem  the  bed:  fon  of  Noah  to  be  the  fame  as  Melchizedec ,  that  he 
was  called  the juft  ( Melchizedec  fignifies  a  righteous  king)  and  that  fome  of 
his  idolatrous  pofterity  confecrated  him  into  the  planet  jupiter,  which  was 
called  zedec  by  the  eaftern  people  in  ancient  times,  as  is  fhewn  by  Bo- 
chart  in  his  Canaan  l.  2.  c.  2.  if  the  reader  defires  to  fee  more  about  the  names 
of  the  planets,  he  may  confult  the  authors  referred  to  in  the  margin a. 

Remarks  upon  the  characters  of  the  fun,  moon  and  planets. 

63  1  The  ufe  of  characters  in  aftronomy  is  probably  of  great  antiquity,  ef¬ 
pecially  among  the  prognofticators,  who,  befides  the  conveniency  of  its  be¬ 
ing  compendious,  would  like  it  for  giving  a  myfterious  air  to  their  writings: 
the  character  of  the  fun  ©  is  thought  to  be  the  picture  of  a  buckler,  where¬ 
of  the  middle  point  reprefents  the  umbo  or  bofs,  the  bucklers  of  the  ancients 
ufed  to  be  bright,  in  order  to  dazzle  the  eyes  of  their  enemies  bj  Hyde  tells 
us  the  Perfians  call  the  fun  by  a  word  which  fignifies  abucklerc:  the  cha¬ 
racter  in  manufcripts  is  often  a  buckler  feen  in  a  fide  view,  often  a  cone ;  fee 

6  fig-  6,  7,  8,  n.  4 :  a  cone  was  facred  to  the  fun,  Porphyrins  ap.  Eu/eb. prcspa- 

7  rat.  evangel,  p.  98,  a  circle  is  mentioned  as  an  egyptian  character  of  the  fun„ 
by  Clemens  of  Alexandria  d,  as  is  alfo  the  crefcent  or  common  character  of  the 
moon  71 ,  which  is  the  picture  of  the  moon  when  fhe  is  about  4  days  old. 

632  As  to  the  characters  of  the  planets,  the  common  opinion e  is  that  they 
were  taken  from  the  fymbols  of  thole  deities  whole  names  they  bear,  in  this 

a  Ricciol.  Ahvageft.  1.  7.  c.  1.  Kircher.  Predrom.  Copt.  p.  147.  id  Oedip.  jEgypt.  tom.  2.  part.  2.  p. 
168,  179.  Selden.  de  Diis  Syris.  Voffius  de  Idolo'.atr.  Hyde  de  relig.  vet.  Perfar.  b  Hinc  $ 

ab  Homero  pajpm  vocat  r,  hue fpettant  ilia  mi/itis  gioriofi  ap.  Plautum  aci.  i./c.  1. 

Curate  ut  plendor  meo  fit  Clypeo  clarior 
Quam  .'iii.  radii  efle  oiim,  qaom  iudum’it,  {blent : 

Ct,  ubi  ulus  veniat,  contra  conferta  manu 
Pr.tfuingat  ocuioruin  aciem  in  acie  hoftibus. 
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view,  the  charader  of  mercury  5  is  his  caduceus  or  rod  with  ferpents  twill- Fi 
ed  about  it,  of  verms  V  a  looking-glafs  with  a  handle,  for  fuch  we  are  told  2 
the  looking-glades  of  the  ancients  were,  the  character  of  mars  8  is  a  dart 
and  buckler,  of  faturn  T:  a  fickle,  that  of  jupiter  %  is  generally  agreed  to  be  a  { 
Z  the  firft  letter  of  his  name  in  greek,  with  a  ftroke  throughit  as  a  mark  t 
of  abbreviation.  Salmafius{  will  have  all  the  charaders  to  be  the  initial  let-  ^ 
ters  of  the  greek  names  of  the  planets,  I  cannot  acquiefce  in  forne  of  them 
eipecially  in  his  deriving  the  charader  of  mars  from  0  the  firft  letter  of 
becaufe  that  never  was  his  common  name  among  the  greek  aftro- 
nomers.  Ktrcber  S  compounds  the  charaders  of  the  planets  out  of  ©  and  j  a 
crofs-f  the  mark  ufed  for  the  four  elements,  and  r,  the  charader  of  aries,  which 
he  fays  denotes  fruitfulnefs;  the  manner  of  combining  thefe  marks  into  the 
charaders  of  the  planets  may  be  feenfigure  10:  his  fcheme  does  not  appear  to  IO 
me  fatisfadory  enough  to  make  it  worth  while  to  enter  into  a  detail  of  it. 
One  objedion  againft  it  is  that  the  charaders  in  fome  manufcripts  are  very 
different  from  thole  in  common  ufe,  though  in  other  manufcripts  they  have 
a  good  deal  of  likenefs,  as  may  appear  by  the  fpecimens  which  I  have  mven 
ot  them  partly  out  of  a  greek  manufcript  in  the  library  of  Trinity  College  6 
in  Cambridge  of  an  aflrological  piece  tranflated  out  of  latin  into  greek  part-  7 
ly  out  of  Salmafius k  and  Du  FrefneK  I  ftiall  conclude  thefe  remarks,  when  I  g 
have  firft  taken  notice  that  the  charaders  of  mercury  and  venus  are  to  be  met 
with  upon  fome  of  the  Egyptian  obelilksk,  and  that  mars’s  charader  is  often 
drawn  with  a  fcourge,  as  fig.  6.  n.  3,  a  fit  emblem  of  the  mifchievous  influ-  6 
ence  he  was  fuppofed  to  have,  though  fome  make  the  fcourge  the  fymbol  of 
the  dn  aver  rune  1 deities  which  drive  away  evil, 

Rc  narks  upon  the  Jituation  oj" the  folar  jyjlein. 

633  When  I  faid,  §  6 18,  that  the  folar  lyflem  is  contained  in  a  vaft  cavity 
I  did  not  intend  to  alfert  that  it  takes  up  a  larger  void  fpace  than  furrounds  a- 
ny  of  the  fixt  liars,  though  Kepler  is  of  that  opinion  m.  his  reafon  is  that  if  all 
the  hxt  liars  were  equal  in  magnitude  and  placed  at  equal  dillances  from  one 
anotiei,  we  Ihould  fee  juft  12  of  the  firll  magnitude,  which  would  appeal* 
to  us  in  a  regular  form  and  at  equal  dillances  from  one  another,  as  the  an- 
g  es  of  an  icofahedron  would  do,  the  eye  being  in  the  center  of  it:  the  next 
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Fig.  order  of  ftars  would  be  about  52,  which  would  alfo  appear  regularly  dif- 
perfed,  at  a  diftance  double  to  the  former:  the  diftance  of  the  third  order  of 
{bars  would  be  treble  that  of  the  firft,  and  their  apparent  magnitudes  would 
be  proportionably  diminifhed,  and  thefe  alfo  would  be  uniformly  difperfed, 
and  fo  of  the  reft:  in  fhort  all  {tars  of  the  fame  magnitude  would  appear  u- 
fliformly  difperfed  upon  the  furface  of  the  heaven;  whereas  this  is  fo  far  from 
being  the  cafe,  that  in  fome  parts  of  the  heaven  we  fee  3  or  4  large  ftars 
near  to  one  another,  but  in  other  parts  of  equal  dimenfions,  we  find  none 
but  little  ones.  If  we  may  offer  our  conjectures  about  things  fo  far  out  of  our 
reach,  it  is  probable  the  feveral  ftarry  fyftems,  as  well  as  the  ftars  in  the  cen¬ 
ters  of  them,  are  very  different  from  one  another  in  dimenfions,  though  they 
may  be  fimilar  in  their  difpofition,  and  in  the  ufes  they  are  defigned  for:  we 
may  obferve  a  diverfity  as  well  as  an  uniformity  in  thofe  parts  of  the  creati¬ 
on  which  lye  more  open  to  our  view:  fuch  a  mixture  of  uniformity  and  di¬ 
verfity  gives  a  beauty  to  the  creation,  difplays  to  us  the  wifdom  and  power 
of  the  creator,  and  is  a  proof  that  this  univerfal  frame  was  neither  the  pro¬ 
duct  of  a  fortuitous  concourfe  of  atoms,  nor  the  work  of  different  deities  ta¬ 
king  their  feveral  parts:  there  is  uniformity  enough  to  {hew  that  all  was 
brought  into  being  and  contrived  by  one  mind,  and  there  is  variety  enough 
to  manifeff  the  wifdom  and  power  of  that  mind  to  be  infinite. 


CHAP.  4*  1HE  OR.BITS  OF  THE  PLANETS  AND  COMETS. 

634  The  way  that  a  planet  or  comet  defcribes  round  the  fun  is  called  its 
orbit:  the  orbits  of  the  planets  may  at  prefent  be  confidered  as  concentric 
circles,  having  the  fun  in  their  common  center :  in  this  view  they  are  well 

2  1  enough  reprefented  in  their  feveral  proportions  by  the  1 1th  figure,  where  the 
fun  is  in  the  center,  the  leaff  circle  round  him  is  the  orbit  of  mercury  the 
next  in  bignefs  that  of  venus,  the  next  to  that  the  orbit  of  the  earth’  the 
orbits  of  mars,  jupiter  and  faturn  follow  in  order,  and  are  eafily  diftinguilh- 
ed,  as  well  by  their  {everal  dimenfions  as  by  being  marked  with  the  charac¬ 
ters  of  their  refpe&ive  planets. 

635  ^:e  oi bits  of  comets  are  oblong  ellipfes,  in  which  they  go  round  the 
fun  fo  as  to  pafs  quite  through  the  planetary  fyffem:  the  three  pieces  of  el- 

1 1  }lPfes  in  ^e  1 1  figure  reprefent  a  part  of  each  of  the  orbits  of  thofe  three  co¬ 
mets  whofe  periods  and  diffances  from  the  fun  are  known,  the  remaining 
paits  of  the  elliples  are  to  be  conceived  extended  a  good  way  beyond  the  li- 
paits  of  the  paper.  Comets  in  their  revolutions  round  the  fun  pafs  quite 
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through  the  planetary  fyftem :  and  as  in  fome  parts  of  their  orbits  they  come  Fi 
very  near  the  iun,  much  nearer  than  mercury,  fo  in  other  parts  they  go  to  a 
great  diftance  from  him,  far  exceeding  that  of  faturn. 

63  6  The  motion  of  all  the  planets  in  their  orbits  is  the  fame  way:  namely 
according  to  the  order  of  the  letters  which  are  fet  down  upon  the  orbit  of 
Jupiter,  in  the  eleventh  figure:  thus  jupiter’s  motion  in  his  orbit  is  from  if 
a  to  b ,  from  b  to  c ,  from  c  to  d,  and  lo  on  ;  the  like  may  be  laid  of  the  reft 
of  the  planets,  they  all  go  round  the  fun  the  fame  way  in  their  orbits:  the 
outermoft  circle  of  the  figure  reprefents  thefphere  of  the  fixt  ftars,  but  it  was 
not  poflible  to  have  this  in  any  proportion  to  the  reft,  fince  in  order  to  do  that 
it  ought  to  bediawn  fo  large  that  the  orbit  of  faturn  fhould  be  but  as  a  point 
in  comparifon  of  it;  for  the  diftance  of  the  fixt  ftars  is  fo  immenfely  greats 
that  if  the  orbit  of  faturn  were  removed  from  us  to  the  diftance  of  the  near- 
eft  ftar,  it  would  become  infenfible,  that  is  its  diameter,  though  prodigioufly 
large  in  itfelf,  would  fubtend  an  arc  in  a  great  circle  of  the  fphere  of  the 
heaven  too  lmall  to  be  liable  to  aftronomical  obfervation,  and  therefore  we 
may  eafily  conceive  that  if  the  fun  were  removed  to  the  diftance  of  any  of  the' 
ftais,  no  part  of  the  folar  fyftem,  would  be  vifible  to  us  except  the  body  of 
the  fun,  which  would  then  appear  no  bigger  than  a  ftar. 

637  The  motion  of  fome  of  the  comets  is  the  fame  way  as  that  of  the 
planets ;  the  motion  of  others  is  the  contrary  way  :  the  writing  upon  the 
three  orbits  of  comets  in  the  figure  fhews  which  way  each  of  the  comets  goes 
round  the  fun,  and  tells  the  periodical  time  of  it. 

6  38  The  orbits  of  the  planets  are  not  all  in  the  fame  plane,  as  they  are  re- 
prelented  in  the  eleventh  figure,  which  is  therefore  deficient  as  to  that  par¬ 
ticular,.  but  every  one  of  them  is  in  a  different  plane,  though  the  difference 
of  the  inclinations  of  their  feveral  orbits  is  but  fmall:  the  way  of  expreff 
fing  the  fituation  of  the  orbits  of  the  planets  in  this  refpebt,  is  to  confider 
the  plane  of  the  earth  s  orbit  as  a  ftandard,  and  compute  the  inclination  of 
the  feveral^planetary  orbits  from  thence.  The  angles  of  the  inclinations  of  the 
planes  of  the  feveral  orbits  of  the  planets  to  the  plane  of  the  earth’s  orbit  are, 
in  round  numbers,  as  follows:  the  plane  ot  mercury’s  orbit  makes  an  angle 
with  the  orbit  of  the  earth  of  7  ,  the  plane  of  the  orbit  of  venus  an  angle  of 
3  j>  the  plane  of  mars  s  orbit  an  angle  of  2°,  of  Jupiter’s  an  angle  of  i° 
the  plane  of  faturn  s  an  angle  of  20  what  is  meant  by  the  inclination  of 
planes  to  one  another  is  fhewn  in  the  introduddion,  from  §  158  to  §  165,  par¬ 
ticularly  in  §  164,  where  the  figure  referred  to  {hews  two  unequal  circles 
having  the  fame  center  but  different  planes :  let  that  figure  be  firft  confider- 
ed,  and  then  the  12  figure  of  this  prefent  book  will  be  eafily  comprehend-  12, 
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Tig.  ed,  wherein  the  orbit  of  the  earth  abcd  and  the  orbit  of  venus  efgh  are 
reprefen  ted  in  fuch  a  perfpcflive  view  as  makes  them  appear  elhpi.es,  by 
k  2C7  but  fo  as  to  fliew  the  different  inclination  ol  their  planes,  ihe  13 
13  figure  is  another  view  of  them,  where  the  eye  being  fuppofed  in  the  line  of 
their  common  iedlion  continued,  is  coniequently  in  ine  planes  of  both  t  e 
orbits  continued,  upon  which  account  they  appear  as  itrait  lines  by  §  25  . 
here  the  line  ac  reprefents  the  orbit  of  the  earth,  eg  the  orbit  of  venus,  and 
the  arwle  of  inclination  is  ase.  The  two  following  figures  are  in  like  man- 
14.  ner  perfpe&ive  views  of  the  orbits  of  the  earth  and  of  mars ;  in  fig.  14  abcd 
is  the  orbit  of  the  earth,  and  e  f  g  h  the  orbit  of  mars,  in  luch  a  peripeaive 
rr  view  as  makes  them  appear  ellipfes,  §  257:  in  fig.  15,  ac  is  the  orbit  of  the 
^  earth,  and  e  g  the  orbit  of  Mars,  viewed  with  the  eye  in  the  common  lec¬ 
tion  of  their  planes  continued ;  by  which  means  they  appear  flrait  lines  §  258, 
and  fhew  more  perfeftly  the  angle  of  their  inclination,  which  is  ase. 

6~o  We  may  imagine  the  planes  of  the  orbits  of  the  feveral  planets  to  be 
extended  to  the  fphere  of  the  fixt  ftars,  and  to  mark  thereon  fo  many  great 
circles:  thele  may  be  called  the  heliocentric  circles  of  the  planets.  The  man¬ 
ner  in  which  we  imagine  thefe  circles  to  be  generated  demonffrates  that  the 
plane  of  the  heliocentric  circle  of  each  planet  coincides  with  the  plane  of  the 
planet’s  orbit  5  and  therefore  if  one  of  thefe  planes  be  found,  the  other  is 
known  alfo :  thus,  if  I  find  the  earth’s  heliocentric  circle  in  the  fphere  of  the 
heaven,  the  fituation  of  the  plane  of  the  earth’s  orbit  is  thereby  difcovered. 

640  The  heliocentric  circle  of  any  planet  is  the  circle  which  the  planet  would 
appear  to  defcribe  in  the  fphere  of  the  heaven,  to  a  fpedtator  placed  in  the 
fun  :  it  has  already  been  obferved,  that  all  very  diftant  objedls  always  ap¬ 
pear  to  us  in  fome  part  of  the  iphere  of  the  heaven,  §  248  j  if  tneiefore  a 
fpe&ator  placed  in  the  fun  were  to  look  at  any  planet,  it  would  always  ap¬ 
pear  to  him  as  if  it  were  fituated  among  the  fixt  ftarsj  and  if  he  continued  to 
view  it  during  one  of  its  entire  periods,  though  it  were  all  the  while  in  rea¬ 
lity  going  round  him  at  a  diftance  incomparably  lefs  than  that  of  the  ffars,  it 
would  feem  to  him  to  be  continually  changing  its  place  in  the  concave  fur- 
face  of  the  fphere  of  the  heaven,  fo  as  to  defcribe,  by  its  apparent  motion,  a 
oreat  circle  thereon :  this  great  circle  would  be  the  heliocentric  circle  of  that 
planet,  becaufe  it  is  defcribed  by  a  line  drawn  from  the  eye  in  the  place  of 
the  fun’s  center  to  the  fphere  of  the  fixt  ffars,  always  palling  through  the  pla¬ 
net,  and  confequently  always  in  the  plane  of  its  orbit.  This  may  be  llluff  rated 
,  by  the  16  figure,  where  let  abcdef  be  the  orbit  of  a  planet,  abcdef  the  he¬ 
liocentric  circle  of  the  fame,  to  a  fpedator  placed  at  s  the  center  of  the  fun, 

the  planet,  in  the  time  that  it  is  going  round  in  the  circle  aoidef  would 

appear 
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appear  to  go  round  in  the  circle  abcdef  :  for  when  the  planet  is  at  ay  it  F ig. 
would  appear  to  him  to  be  at  a,  where  a  line  drawn  from  his  eye  at  s  through  16 
a  the  place  of  the  planet  terminates:  when  the  planet  is  at  b,  it  would  ap¬ 
pear  at  b:  when  at  c,  at  c:  &c.  We  may  fay  then  in  general,  that  to  a  fpec- 
tator  in  the  fun  the  feveral  planets  would  appear  to  defcribe  different  helio¬ 
centric  circles,  in  different  periods  of  time.  If  the  orbits  of  the  planets  were 
all  in  the  fame  plane,  their  heliocentric  circles  would  all  coincide,  that  is,  one 
circle  would  exprefs  them  all;  but  as  the  planes  of  their  orbits  are  all  diffe¬ 
rent,  their  heliocentric  circles  muff  be  different  alfo :  and  fince  their  periods 
in  which  they  appear  to  go  round  their  heliocentric  circles  are  the  fame  as 
their  refpedtive  periods  in  their  real  orbits,  there  mufl  be  the  fame  difference 
between  the  former  of  thefe  as  there  is  between  the  latter. 

641  The  orbits  of  the  comets  are  in  planes  differ ent  from  one  another, 
and  confequently  their  heliocentric  circles  are  different  alio:  I  fhall  not  at 
prefent  enter  into  the  detail  of  their  feveral  inclinations,  but  leave  it  to  ano¬ 
ther  place.  To  a  fpedfator  placed  at  the  fun  every  comet,  if  it  could  be  feen 
during  an  entire  revolution,  would  appear  to  defcribe  a  great  circle  on  the 
fphere  of  the  heaven:  for,  though  its  orbit  be  in  reality  a  long  ellipfis,  the 
plane  of  it  extended  to  the  heaven  would  mark  a  great  circle  thereon  where¬ 
of  the  eye  at  the  fun  would  be  the  center  ;  only,  as  the  comet  moves  round 
the  fun  in  an  ellipfis,  its  apparent  magnitude  would  increafe  as  it  came  near¬ 
er  to  the  fun,  and  diminifli  as  it  went  farther  .off:  thus,  fig.  17,  to  a  fpe&ator  ^ 
at  the  fun  s,  a  comet  moving  round  in  its  orbit  abed  would  appear  to  go  round 
in  a  great  circle  abcd:  its  apparent  magnitude  would  increafe  as  it  went 
from  c  to  a,  where  it  would  be  greatefl ;  and  decreafe  as  it  went  from  A  to 
c,  where  it  would  be  leaff. 


CHAP.  5.  THE  ECLIPTIC:  ZODIAC;  CIRCLES  OF  LATITUDE ;  H  ELIOCE  N^- 
TRIC  LATITUDE  OF  THE  PLANETS:  THEIR  NODES  AND  LIMITS, 

642  To  an  inhabitant  of  any  planet  the  fun  appears  to  go  round  in  the 
heliocentric  circle  of  that  planet,  in  the  periodical  time  thereof,  and  the  fame 
way  the  planet  does:  thus,  fig.  16,  let  s  be  the  fun,  abcdef ghikhn  the  orbit  16 
of  the  earth,  wherein  fhe  goes  round  the  fun  in  12  months,  abcdefghi 
klm,  the  heliocentric  circle  of  the  earth;  I  fay  to  an  inhabitant  of  the  earth 
the  fun  will  appear  to  go  round  in  the  circle  abcdefghiklm,  in  twelve 
months,  according  to  the  order  of  the  letters,  from  a  to  b,  from  B  to  c,  &c. 
by  the  earth’s  going  round  the  fun  in  the  circle  a  be  de fghiklm,  in  that  time: 

C  c  thus, 
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Fig.  thus,  when  the  earth  is  at  a,  if  we  draw  a  line  from  a  through  the  fun  at  s, 
1 6  the  point  g  in  the  iphere  of  the  heaven  where  the  line  terminates  is  the  place 
where  the  fun  then  appears  to  an  inhabitant  of  the  earth:  in  a  months  time 
the  earth  will  be  got  from  a  to  b ,  draw  a  line  then  from  through  the  fun, 
and  where  it  terminates,  at  h,  is  the  apparent  place  of  the  fun  at  that  time: 
in  like  manner,  if  we  draw  lines  from  the  earth  in  the  12  feveral  fituations 
in  which  fhe  is  here  reprefented  for  the  12  feveral  months,  we  fhall  find 
that  when  the  earth  is  at  c,  the  fun  will  appear  at  1 :  when  the  earth  is  at  d \ 
the  fun’s  apparent  place  will  be  at  k  &c:  in  like  manner  if  there  be  any  in¬ 
habitants  in  venus,  the  iun  appears  to  them  to  go  round  in  the  heliocentric 
circle  of  venus  in  feven  months:  the  fame  is  to  be  underftood  of  the  reft  of 
the  planets,  if  they  have  any  inhabitants. 

643  The  heliocentric  circle  of  the  earth  is  called  the  ecliptic ,  becaufe  e- 
cl  spies  of  the  luminaries  cannot  happen  but  when  the  moon  is  in  or  near  that 
circle,  as  will  appear  hereafter,  when  eclipfes  come  to  be  treated  of:  it  is 
called  by  fome  greek  writers  kv uAos  yiAiclkos  the  circle  of  the  fun,  becaufe  it  is 
defcribed  by  his  apparent  annual  motion:  it  is  called  jcvxAos  Ao£osa  the  oblique 
circle,  becaufe  it  is  cut  by  the  celeftial  equator  at  oblique  angles :  in  Ptole- 
m)'  ^  ^as  flame  of  0  $\cL[xi<juv  rav  (TiW  x.i>x.Ao$  the  circle  which  paftes  through 
the  midft  of  the  animals,  becaufe  the  twelve  conftellations  through  which 
the  ecliptic  is  drawn  were  anciently  all  of  them  animals  or  parts  of  animals  j 
and  are  all  fo  now,  except  the  balance,  which  takes  up  the  place  that  for¬ 
merly  belonged  to  the  claws  of  the  fcorpion.  For  this  reafon,  a  belt  or  hoop 
taken  in  the  Iphere  of  the  heaven  of  the  breadth  of  about  ten  degrees  on  each 
fide  of  the  ecliptic,  twenty  degrees  in  all,  is  called  the  Zodiac ;  from 
zodioa  an  animal:  and  the  conftellations  through  which  the  ecliptic  is  drawn 
are  the  conftellations  of  the  zodiac. 

16  644  The  ecliptic  which  is  reprefented  by  the  circle  abcd  &c.  fig.  16,  is  of 

great  confideiation  to  us  :  the  year  is  mealured  by  the  time  wherein  the  fun 
goes  quite  round  the  ecliptic,  or  rather  appears  fo  to  do,  by  our  earth  goino- 
found  him,  whilft  he  all  the  while  keeps  his  fituation :  the  diftance  of  the 
ea.  th  fiom  the  fun  is  fo  exceedingly  great,  that  if  the  earth  were  viewed  from 
fun  it  would  appear  no  bigger  than  a  point,  its  diameter  would  be  infenfi- 
ble:  from  this  point  it  is  that  we  muft  always  view  the  fun,  and  therefore 
all  the  inhabitants  of  the  earth  who  fee  the  fun  at  the  fame  time,  having  their 
eyes  as  to  fenfe  in  the  fame  point,  muft  fee  him  in  the  fame  place  among  the 
nxt  ftars,  or,  to  be  the  more  exprefs,  in  the  fame  point  of  the  ecliptic;  and,  if 
they  obferve  him  for  the  ipace  of  a  year,  will  fee  him  go  round  in  the  eclip- 

a  time  Apollo  vacatur  A^iac;  Ariitoph.  Pint.  i.  i.  v.  &  Suid. 
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tic  in  that  time,  from  a  to  b,  from  b  to  c,  &c.  — ■  the  periodical  time  Fig. 

wherein  anv  planet  goes  round  the  fun  is  the  year  of  that  planet a.  16 

645  It  appears  by  §  642, 643,  that  the  ecliptic  or  path  of  the  fun  in  thcfphere 
of  the  heaven  is  a  Jixt  circle ,  whofe  place  therein  is  determined  by  the  con- 
ftellations  it  palfes  through,  and  the  liars  that  are  near  it  on  each  fide  :  we 
cannot  indeed  diredlly  fee  the  fun’s  place  among  the  liars,  except  when  he 
is  totally  eclipfed,  and  his  light  is  fo  fcreened  from  us  by  the  moon  as  to  let 
the  liars  appear  round  him,  which  otherwife  would  be  rendered  invif ble  by 
his  fuperior  brightnefs;  but  we  may  know  the  fun’s  place  indirectly,  or  con- 
fequentially,  becaufe  we  can  know  at  any  time  what  point  of  the  fphere  of 
the  fixt  liars  is  diametrically  oppolite  to  him:  thus,  fig.  16,  fuppofe  it  the 
time  of  the  year  when  the  earth  is  in  that  point  of  her  orbit  which  is  mark¬ 
ed  here  with  the  letter  gy  if  I  know  the  point  g  is  then  diametrically  oppo- 
fite  to  the  fun,  I  know  a  which  is  oppolite  to  g  is  the  fun’s  place:  and  there¬ 
fore  if  I  find  that  in  the  courfe  of  the  year  the  points  ghiklmabcdef 
are  fucceflively  oppolite  to  the  fun,  I  may  be  allured  that  in  that  time,  the 
fun’s  apparent  place  was  fuccefiively  in  the  oppofite  points  aecdefghiklm  : 
now  the  point  in  the  heaven  oppofite  to  the  fun  may  be  known  at  12  every 
night  in  the  year,  becaufe  he  is  then  in  the  oppofite  meridian,  and  his  de- 
prefiion  below  the  horizon  is  eafily  found,  and  whatever  that  depreflion  is, 
that  point  in  the  heaven  is  oppofite  to  the  fun  which  is  then  in  the  meri¬ 
dian  as  much  above  the  horizon  as  the  fun  is  below  it :  thus  fig.  18,  let  c  be  18 
the  earth,  sh  an  the  meridian  of  the  obferver  continued  to  the  fphere  of 
the  heaven,  hr  his  horizon,  rb  the  deprefiion  of  the  fun,  at  12  at  night, 
fuppofe  it  30°;  I  fay  the  point  a  which  is  30°  high  above  h  is  oppofite 

to  the  fun. 

646  The  ecliptic  being  thus  found,  we  may  imagine  as  many  great  cir¬ 
cles  as  we  pleafe  to  be  drawn  upon  the  fphere  of  the  heaven,  perpendicular 
to  the  ecliptic,  and  interfering  each  other  at  the  poles  of  the  ecliptic:  thefe 
are  called  fecondaries  of  the  ecliptic ,  or  circles  of  latitude.  The  latitude  oj  a  far 
or  planet  or  any  of  the  heavenly  bodies  is  its  dillance  from  the  ecliptic  in  de¬ 
grees,  minutes  and  feconds,  meafured  upon  a  circle  of  latitude  drawn  through 
that  liar,  planet,  &c.  and  maybe  northern  or  fouthern.  The  ecliptic  is  drawn 
upon  the  common  celeftial  globe,  by  which  we  may  fee  what  conllellations  it 
pafies  through,  there  are  alfo  ufually  6  circles  of  latitude,  which  by  their 
mutual  interfeClions  Ihew  the  poles  of  the  ecliptic,  as  well  as  divide  it  into 

12  equal  parts,  anfwerable  to  the  number  of  months  in  a  year:  fig.  19  is  J0 


a  Periodus  cujufvis  planets,  ifiius  planets  annus  vacatur. 
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Fig.  the  picture  of  a  celeftial  globe,  where  ag  is  the  ecliptic,  n  the  north,  &  the 

19  fouth  pole  of  the  ecliptic,  n  as,  n  b  s,  n  cs,  nos,  &c.  are  circles  of  latitude, 
or  rather  halves  of  them,  which  is  as  much  as  can  be  feen  at  one  view  upon 
the  convex  of  the  folid  globe:  the  ftar  h  is  in  fo  many  degrees,  minutes  and 
feconds  of  north  latitude  as  the  arc  h  a  amounts  to,  the  ftar  1  is  in  fouth  la¬ 
titude,  the  quantity  whereof  is  meafured  by  the  arc  1  b.  T  he  different  no¬ 
tions  of  latitude  when  applied  to  ftars  in  the  heaven  or  places  upon  the  .earth 
muft  be  carefully  diftinguifhed:  in  the  heaven,  or  upon  the  celeftial  globe,  la¬ 
titude  is  diftance  from  the  ecliptic;  upon  the  earth,  or  upon  the  terreftrial 
globe,  it  is  diftance  from  the  equator :  fometimes  indeed  we  confider  the 
diftance  of  the  heavenly  bodies  from  the  celeftial  equator,  but  this  is  called 

declination,  as  has  been  already  faid  §339- 

647  The  latitude  of  a  planet  is  either  heliocentric  or  geocentric;  the  he¬ 
liocentric  latitude  of  a  planet  at  any  time  is  the  latitude  it  would  appear  in  at 
that  time,  to  a  fpeftator  placed  in  the  fun:  the  heliocentric  circles  of  the 
planets  being  all  different  great  circles,  any  two  of  them  muft  divide  each 
other  in  halves,  §  177;  and  confequently  interfedt  one  another  in  two  oppo- 
fite  points:  if  therefore  we  confider  the  heliocentric  circle  of  any  planet  to¬ 
gether  with  the  ecliptic,  we  fhall  find  one  half  of  it  is  on  the  north  fide,  the 
other  on  the  fouth  fide  of  the  ecliptic:  fo  that  any  planet  leen  from  the  fun 
would  appear  in  north  latitude,  for  one  half  of  its  period ;  and  in  fouth  la¬ 
titude,  for  the  other.  The  geocentric  latitude  of  the  planets  will  be  treated 
of  in  the  next  chapter. 

648  The  two  points  where  the  heliocentric  circle  of  any  planet  cuts  the 
ecliptic  are  called  the  nodes  of  that  planet:  and  that  which  the  planet  paffes 
through  as  it  goes  into  north  latitude  is  the  afcending  node ,  whereof  this  is  the 
character  ft  :  the  oppofite  point  to  this,  where  the  planet  feen  from  the  fun 
would  appear  to  crofs  the  ecliptic,  going  into  fouth  latitude,  is  its  defending 
node ,  expreft  by  this  mark  r6  :  a  line  drawn  from  one  node  to  the  other  is 
the  line  of  nodes :  the  common  fedlion  of  the  plane  of  the  ecliptic  and  the 
plane  of  the  orbit  of  any  planet  extended  to  the  fphere  of  the  heaven  is  the 
line  of  nodes  of  that  planet:  the  planes  of  the  orbits  of  all  the  planets  pafs 
through  the  center  of  the  fun,  and  therefore  all  their  lines  of  nodes  do  fo  too. 

20  The  20th  figure  will  make  the  foregoing  particulars  very  eafy  to  be  compre¬ 
hended,  it  is  the  picture  of  a  glafs  fphere  reprefenting  the  fphere  of  the  hea¬ 
ven,  the  two  fmall  ellipfes  in  the  middle  of  it  are  the  orbits  of  the  earth  and 
of  mercury,  in  a  perfpedtive  view,  which  makes  them  appear  ellipfes,  §  2 57; 
of  the  larger  ellipfes  the  black  one  is  the  ecliptic,  the  pointed  one  the  helio¬ 
centric  circle  of  mercury  in  a  perfpedtive  view  alfo,  n  is  the  north,  s  the 
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fouth  pole  of  the  ecliptic,  the  way  of  mercury’s  heliocentric  motion  is  fhewn  Fig- 
by  the  order  of  the  letters  abcdefghiklm:  now  fuppofe  the  eye  at  s  the  center 
of  the  fun,  as  mercury  goes  from  a  his  afcending  node,,  he  would  appear  to 
deviate  more  and  more  northwards  from  the  ecliptic,  till  he  comes  to  dy 
where  he  is  in  his  greateft  north  latitude,  or  northern  limit :  from  thence  his 
latitude  gradually  diminifhes,  till  he  comes  to  his  defending  node g :  from 
thence  he  gradually  deviates  more  and  more  fouthward  from  the  ecliptic,  till 
he  comes  to  his  greateft  fouthern  latitude  or  Jouthern  limit  k:  from  thence  he 
draws  nearer  to  the  ecliptic,  till  he  comes  again  into  it,  at  his  afcending  node, 
the  heliocentric  latitude  and  motion  of  a  fuperior  planet  may  be  fhewn  by  a 
frmre  like  the  preceding:  fig.  21  is  the  pidture  of  the  zodiac  taken  out  of  a  21 
glafs  fphere,  the  two  fmall  ellipfes  in  the  middle  of  it  are  the  orbits  of  the 
earth  and  of  mars,  in  a  perfpedtive  view;  of  the  larger  ellipfes  the  black  one 
is  the  ecliptic,  the  pointed  one  the  heliocentric  circle  of  mars,  whofe  motion 
is  according  to  the  order  of  the  letters  abed,  &c.  his  afcending  node  is  at  a 
his  defeending  atg,  his  northern  limit  at  d,  his  fouthern  at  k. 

649  From  the  two  preceding  figures,  one  of  which  fhews  the  heliocentric 
motion  of  a  fuperior  the  other  that  of  an  inferior  planet,  the  heliocentric  mo¬ 
tions  of  all  the  planets  are  eafily  underftood:  to  a  fpedtator  at  the  center  of 
the  fun  they  would  appear  in  the  ecliptic  only  when  in  their  nodes;  in  all 
other  parts  of  their  orbits  their  north  or  fouth  latitude  would  be  greater,  the 
nearer  they  are  to  their  north  or  fouth  limits,  where  their  latitude  would  be 
greateft  of  all:  the  greateft  heliocentric  latitude  of  each  planet  is  the  fame  as 
the  inclination  of  its  orbit  to  the  orbit  of  the  earth:  thus,  the  greateft  helio¬ 
centric  latitude  of  mercury  is  70,  of  venus  30  \  of  mars  2°  &c.  fee  §  638. 

650  The  heliocentric  circles  of  the  feveral  planets  cut  the  ecliptic  in  diffe¬ 
rent  places :  thus,  die  afcending  nodes  of  mercury,  venus,  &c.  are  all  in  difre- 
rent  points  of  the  ecliptic;  this  difference  arifes  from  hence,  that  the  com¬ 
mon  fedtions  of  the  feveral  planetary  orbits  and  of  the  earth  s  orbit  are  all  dif¬ 
ferent,  and  confequently  their  feveral  lines  of  nodes  are  different  alio,  ft  o 
make  this  plain,  let  fig.  22  be  the  zodiac  taken  out  of  a  glafs  fphere,  upon  22 
which  is  drawn  the  ecliptic  abcd,  the  heliocentric  circle  of  mercury  efgh, 
the  heliocentric  circle  of  mars  iklm,  all  appearing  ellipfes,  as  being  drawn 

in  a  perfpedtive  view,  §  257  :  the  figure  fhews  their  afcending  nodes  to  be  in 
different  points  of  the  ecliptic;  the  fame  figure  fhews  their  defeending  nodes 
and  limits  to  be  in  different  points  alfo. 

651  I  fliall  now  fliew  the  heliocentric  circles  of  all  the  planets  upon  the 
zodiac :  they  fhould  have  been  delineated  in  different  colours,  if  they  could 
have  been  printed  in  that  manner  from  copper  plates ;  but  that  being  im¬ 
practicable. 
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Fig.  practicable,  I  have,  to  avoid  confufion,  drawn  them  in  lines  of  different 
kinds,  to  which  I  have  therefore  given  the  different  names  of  black,  dotted, 

23  pointed,  dafhed,  indented  lines;  as  may  be  feen  fig.  23.  This  being  premifed, 
imagine  the  ecliptic  and  the  heliocentric  circles  of  all  the  planets  to  be  drawn 
upon  a  glafs  fphere  in  thefe  different  forts  of  lines;  the  zodiac,  or  an  hoop 
taken  in  that  fphere  of  the  breadth  of  ten  degrees  on  each  fide  of  the  ecliptic, 
would  be  more  than  broad  enough  to  contain  them  all:  imagine  this  hoop 
to  be  cut  open  in  a  circle  of  latitude,  and  to  be  unbent  into  a  plane;  it  would 
then  be  an  oblong  parallelogram ,  whereof  one  fide  reprefents  the  zodiac  as  it 
appears  upon  the  concave,  the  other  as  upon  the  convex  furface  of  the  fphere: 

2/l  the  24  figure  fliewsthe  zodiac  drawn  upon  the  concave  furface  of  the  fphere, 
and  thus  unbent  into  a  parallelogram  ABCDa:  the  double  line  in  the  middle 
is  the  ecliptic,  divided  into  12  equal  parts:  every  twelfth  part  has  a  piece  of 
a  circle  of  latitude  drawn  through  it,  which  in  this  view  is  a  Rrait  line  per¬ 
pendicular  to  the  ecliptic:  the  black  curve  fhews  the  heliocentric  circle  of 
mercury:  the  dotted  curve  the  heliocentric  circle  of  venus:  the  pointed  curve 
that  of  mars:  the  dafhed  curve  the  heliocentric  circle  of  jupiter:  the  indented 
curve  that  of  faturn:  the  places  of  the  afcending  and  defcending  nodes,  and 
of  the  north  and  fouth  limits  of  the  feveral  planets,  are  eafily  feen  upon  their 
refpettive  curves. 


CHAP.  6.  THE  GEOCENTRIC  LATITUDE  OF  THE  PLANETS:  SIGNS 
OF  THE  ZODIAC:  LONGITUDE  OF  THE  HEAVENLY  BODIES. 


652  'The  geocentric  latitude  of  a  far  or  planet  is  the  latitude  it  appears  in 
to  an  inhabitant  of  the  earth:  the  fphere  of  the  fixt  flats  is  fo  immenfely  great, 
that  compared  therewith  the  orbit  of  the  earth  is  but  as  a  point :  that  is,  the 
diameter  of  the  earth’s  orbit  at  the  diflance  of  the  fixt  flars  would  be  infen- 
fible,  too  fmall  to  be  meafured  by  allronomical  obfervation :  for  this  reafon, 
whatever  part  of  her  orbit  the  earth  is  in,  the  flars  always  appear  to  us  in  the 
fame  pofition  as  they  would  do  if  we  were  to  view  them  from  the  fun ;  and 
.confequently  there  is  no  difference  between  the  geocentric  and  heliocentric  la¬ 
titude  of  the  flars.  The  cafe  is  otherwife  with  regard  to  the  planets:  the  or¬ 
bit  of  the  earth  bears  a  confiderable  proportion  to  their  diflances  from  us;  and 
therefore  their  apparent  places  in  the  heaven  are  altered  by  our  change  of 
place,  as  well  as  by  their  own  motions:  fo  that  if  a  planet  were  to  Hand  Rill 

a  No  part  of  a  fpherical  furface  can  form  a  plane,  and  therefore  an  hoop  taken  out  of  a  fphere  would 
r.ot  unbend  into  an  exact  parallelogram;  but  the  difference  is  inconfiderable  in  the  ca'e  before  us. 
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during  a  whole  year,  our  continual  change  of  place,  occaffoned  by  the  earth’s  Fig. 
going  round  in  her  orbit,  would  caufe  an  apparent  change  of  place  in  the  pla¬ 
net:  we  fhould  be  continually  viewing  it  from  different  Rations;  and  confe- 
quently  it  would  continually  be  feen  in  different  points  of  the  heaven. 

653  Since  the  plane  of  the  earth’s  orbit  is  different  from  the  planes  of  the 
orbits  ofevery  one  of  the  planets,  the  geocentric  latitude  of  any  planet  is  almofl 
always  different  from  its  heliocentric  latitude,  as  will  appear  by  the  following 
figure:  let  ab  be  the  orbit  of  the  earth,  cd  the  orbit  of  venus,  viewed  with  25 
the  eye  in  their  common  fedtion  continued,  whereby  they  appear  flrait  lines, 
§258, let  e and  f  be  two 'oppofite  points  of  the  ecliptic:  fuppofe  venus  to  be  in 
the  point  c  in  her  utmoff  north  limit;  if  floe  were  at  that  time  viewed  from 
the  fun  s,  {he  would  appear  in  the  fphere  of  the  heaven  at  the  point  h  ;  her 
heliocentric  latitude  then  is  f  h  ;  but  let  venus  in  c  be  viewed  from  the  earth, 
and  fhe  will  appear  in  different  places,  according  as  the  earth  is  in  different 
parts  of  her  orbit :  for  if  the  earth  be  at  b,  a  line  drawn  from  thence  through 

c  (hews  the  apparent  place  of  venus  to  be  at  g-,  and  her  geocentric  latitude 
is  then  Fg:  if  the  earth  be  at  a,  the  apparent  place  of  venus  will  then  be  very 
different,  namely  in  g  ;  and  her  geocentric  latitude  e  g,  if  the  earth  be  at  1 
venus  would  appear  at  k,  &c. 

654  By  a  figure  fimilar  to  the  preceding,  the  different  geocentric  latitude 
of  a  fuperior  planet,  when  viewed  from  the  earth  in  different  parts  of  her 
orbit,  maybe  fhewn:  thus  fig.  26  let  ab  be  the  orbit  of  the  earth,  cd  the  26 
orbit  of  mars,  both  viewed  with  the  eye  in  their  common  fedlion  continued, 
whereby  they  appear  flrait  lines  by  §  258,  let  e  and  f  be  oppofite  points  of  the 
ecliptic:  fuppofe  mars  to  be  in  his  fouth  limit  at  c  if  he  weie  at  that  time 
viewed  from  s  the  center  of  the  fun,  he  would  appear  in  the  fpheie  of  tjic 
heaven  at  the  point  h  ;  his  heliocentric  latitude  then  is  f  h:  but  let  mais  in 

c  be  viewed  from  the  earth,  and  he  will  appear  in  different  places  according 
as  the  earth  is  in  different  parts  of  her  orbit:  for  if  the  earth  be  at  b,  a  line 
drawn  from  b  through  c  fhews  the  apparent  place  of  mars  to  beatg;  and  his 
geocentric  latitude  is  then  f gy  if  the  earth  be  at  a,  the  apparent  place  of 
mars  will  be  in  g  ;  and  his  geocentric  latitude  fg,  if  the  earth  be  in  any  o- 
ther  part  of  her  orbit,  as  at  the  point  1  or  k,  it  is  eafy  to  fee,  by  a  line  drawn 
from  either  of  thofe  points  through  mars  at  c,  that  he  will  appear  in  diffe¬ 
rent  places  in  the  fphere  of  the  heaven,  and  would  be  in  different  geocentiic 
latitudes. 

655  The  zodiac  is  aftral  or  local3-:  the  aftral  zodiac  is  divided  into  twelve 
unequal  parts,  becaufe  it  confifls  of  the  twelve  confteilations,  feme  of  which 

a  Gemini  elementa  AJlronomU  p.  i.  ed.  Petav,  Caffini  ajlronomie  Indlenne.  p.  37.  ed.  Par. 
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the  figure  of  the  i am,  the  .  Ti  ,  i  ZQCj*ac  [s  divided  into 

little  alterations  already  mentione  § 594-  lled  rlgns  or  dodecate- 

•»*'  I  .oi&=' « a,,  b,  ,hc 

" ‘,”  «o  “5,  teSlk*.  of  *0  ram,  of  which  pom,  ,hi.  «  .ho 

rk  r  and  proceeding  in  order  according  to  the  apparent  annual  motion  of 

Ttn  hr  the  ecliptic.  The  firft  fign,  containing  30°  meafured  upon  the  e- 

'r  U  ‘ailed  aries  •  the  fecond,  containing  alto  30°,  taurus  :  &c  Jignum 

chptic,  ib  cal  *  rnnftellation  in  ancient  writers;  but  thofe 

£$;  sese  -fr  ssrs 

now  mentioned  ^he  order ,  ^  — 

“  fNloweth: capricornus  * 

g.°  J  Jztfat  k»  Aries  is  mad!  the  firft  fign  ofthe  zodiac  becaufe  when  the 

reckoned  ^.l^beginning  rf  the'Iftro!'omical 

into  the  fpring,  when  our  earth  begins  'rj^f  kith  which  they  differed 

£  annuals,  by  the  returning  warmth  of 

*  3“ life  Ire.”  horn' »,  pare  Sf  -  cowards  »  horn  » 

0  .  J,  &c  is  fold  10  be  according  to  the  order  of  the  ftgnt ,  m  latm  m 

‘^'7TZ‘ iuZZt  'ret  inVhel^fevcral' heliocentric  ci.cl.a  ifwe 

him  Any  motion  *”»'  “?  “^tf-S 

from  any  pan  «  ",c, ■deatia,  U.  A». 

s^sskS--.  r'Ht»tsKr 

jhe  planets  feen  from  our  earth;  as  will  be  j  of 

6:7  The  local  zodiac  is  not  always  invariably  the  lam t  « i  to  V  ^ 

the  fiver  al  figns,  though  the  whole  zodiac  always  take  p 

.  Thefe  .a, in  nan.es  are  fo  much  in  ufe  with  engl.ih  writers  that  they  feetn  adopted  into  .our  lan^age: 
the  engird-  of  them  may  be  feen  page  17+.  the 
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the  fphereof  the  heaven,  without  any  alteration;  namely  ten  degrees  on  each 
fide  of  the  ecliptic,  which  circle  was  before  faid  to  be  fixt  and  invariable : 
the  points  where  the  celeftial  equator  cuts  the  ecliptic  have  a  retrograde  mo¬ 
tion  of  about  50"  in  a  year:  that  is,  the  celeftial  equator  every  year  cuts  the  e- 
cliptic  in  two  points  which  are  diftant  50"  contrary  to  the  order  of  the  figns 
from  the  interfering  points  of  the  year  immediately  preceding:  this  change  of 
place  of  the  firft  point  of  the  ecliptic,  from  whence  the  figns  begin  to  be  reck¬ 
oned,  occafions  alike  change  of  place  in  the  figns  themfelves;  which,  though 
not  lenfible  in  a  few  years,  in  a  long  tradl  of  time  becomes  very  confiderable : 
thus,  fince  the  firft  cultivating  of  allronomy  by  the  Greeks  above  2000  years 
ago,  the  firft  point  of  the  ecliptic  is  removed  backward  above  a  whole  lign ; 
and,  whereas  it  was  then  about  the  middle  of  the  conflellation  of  the  ram,  is 
now  about  the  middle  of  the  conflellation  of  the  fifhes:  notwithflanding  this, 
it  retains  its  ancient  mark  V ;  and  the  figns  keep  their  ancient  names,  though 
they  be  every  one  of  them  got  into  different  conflellations  from  what  they 
were  in  anciently,  when  they  received  thefe  denominations  :  thus,  the  firil 
fign  is  ftill  called  aries,  though  it  be  now  in  the  confleilation  of  the  fifhes:  the 
fecond  fign  is  called  taurus,  though  in  the  conflellation  of  the  ram :  the  third 
fign  gemini,  though  in  the  conflellation  of  the  bull:  and  fo  of  the  reft. 

658  The  local  zodiac  is  generally  meant,  when  we  fpeak  of  the  zodiac: 
the  ancients  made  the  breadth  of  the  zodiac  but  twelve  degrees a,  fufticient 
to  take  in  the  moon  in  her  greateft  deviations  on  either  fide  of  the  ecliptic, 
which  amount  to  near  fix  degrees  of  latitude;  as  will  be  fhewn  when  the 
moon’s  motion  comes  to  be  treated  of:  the  moderns  make  the  zodiac  twen¬ 
ty  degrees  broad b,  in  order  to  take  in  mars  and  venus  in  their  greateft  geo¬ 
centric  latitude,  in  which  they  appear  to  us  near  ten  degrees  north  or  l'outh 
from  the  ecliptic.  See  fig.  22  and  24. 

659  rfhe  longitude  of  a  phenomenon  in  the  heaven  is  the  number  of  degrees, 
minutes  and  feconds  contained  upon  the  ecliptic,  between  the  firft  point 
thereof  and  the  point  where  it  is  cut  by  a  circle  of  latitude  drawn  through 
the  phenomenon:  the  longitude  is  reckoned  beginning  at  the  firft  point  of 
the  ecliptic,  and  proceeding  according  to  the  order  of  the  figns. 

660  Some  writers,  as  Copernicus  and  Streete,  make  the  firft  point  of  the  eclip¬ 
tic  invariable:  in  order  to  this,  they  imagine  a  circle  of  latitude  to  be  drawn 
through  a  ftar  in  the  head  of  the  ram,  which  is  marked  by  Bayer  with  the 
letter  7;  where  that  circle  cuts  the  ecliptic  is  the  firft  point  from  whence  they 
reckon  the  longitude ;  and  the  ftar,  from  its  ufe,  is  called  the  firft  ftar  of  the 

a  Plin.  nat.hifi.  I ■  2.  c.  15.  Manillus  /.  1.  <v.  680.  Proclus  de  Sphs.ru.  Martianus  Capella,  /.  8.  c.  ds 
Jignifero.  b  Kepler,  epit .  ajironom.  p.  159.  Gregor,  ujiron.  1.  2.  prop.  1. 
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Fig.  ram:  when  this  method  is  made  ufe  of,  the  longitude  of  a  phenomenon  is 
faicHo  be  fo  many  degrees,  or  fo  many  figns,  degrees,  minutes  and  feconds 
from  the  firft  ftar  of  the  ram:  thus,  in  Street e* s  Caroline  tables,  the  longitude 
of  Jupiter’s  afcending  node  is  two  figns  and  eight  degrees  from  rhe  firft  liar 
of  aries :  which  is  thus  expreft,  Long.  X  Q>  a  i  *  T  2s.  8  . 

66 1  The  common  way  of  reckoning  the  longitude  of  a  phenomenon  in 
the  heaven  is,  to  take  v  for  the  firft  point  of  the  ecliptic,  and  not  to  num.** 
ber  the  degrees  quite  round  that  circle  in  a  continued  feries,  but  to  make  a 
new  beginning  at  the  firft  point  of  every  fign,  and  to  reckon  from  thence, 
according  to  the  order  of  the  figns,  only  as  far  as  30,  the  number  of  degrees 
contained  in  a  fign:  the  degrees  of  the  ecliptic  upon  the  common  celeftial 
globe  are  numbered  in  this  manner;  as  are  alfo  the  degrees  of  the  ecliptic  in 

24  ?he  24th  figure.  When  this  method  is  made  ufe  of,  the  longitude  of  a  pheno¬ 
menon  is  expreft  by  faying  it  is  in  fuch  a  degree  and  minute  of  fuch  a  fign: 
thus,  in  the  picture  of  the  zodiac  in  the  24th  figure,  the  longitude  of  the  af¬ 
cending  node  of  mercury  is  »  14°  i- 

662  Any  phenomenon  in  the  heaven,  in  whatfoever  part  it  be,  whether  near 
_  the  ecliptic  or  not,  is  referred  to  fome  fign:  thus,  fig.  19,  all  the  fpace  con- 
^  tained  upon  the  celeftial  globe  between  the  femicircles  of  latitude  n  g  s  and 

N f s  is  within  the  fign  aries ;  all  between  the  femicircles  nfs  and  nes  be¬ 
longs  to  the  fign  taurus,  &c :  in  what  degree  of  the  fign  any  phenomenon  is, 
a  circle  of  latitude  drawn  through  it  determines,  as  was  laid  before:  thus, 

fig.  19,  the  ftars  a,  b ,  cy  are  in  150  of  n. 

663  The  place  of  a  phenomenon  in  the  heaven  is  expreft  by  fetting  down 
its  longitude  and  latitude;  faying  it  is  in  fuch  a  degree  and  minute  of  fuch  a 
fign,  and  in  fuch  a  degree  and  minute  of  north  or  fouth  latitude  :  in  this 
manner  the  places  of  the  ftars  are  fet  down  in  the  catalogues ;  as  are  alfo  the 

places  of  the  heavenly  bodies  in  the  common  almanacks:  - - by  the  place 

of  any  of  the  heavenly  bodies  is  meant  the  place  of  its  center. 

664  Since  the  ecliptic  is  a  fixt  circle,  §  645,  the  latitudes  of  the  fixt  ftars, 
and  of  all  phenomena  in  the  heaven  whofe  places  are  fixed,  continue  always 
invariably  the  fame :  fince  the  point  T  hath  a  retrograde  motion  of  50"  a 
year,  the  longitudes  of  the  fixt  ftars  and  of  all  phenomena  whofe  places  are 
fixed  are  altered  50"  a  year,  in  the  common  way  of  beginning  to  reckon  the 
longitude  from  r :  and  this  is  the  reafon  why,  in  the  feveral  catalogues  of 
ftars  calculated  for  different  times,  we  find  the  longitudes  of  the  fame  ftars  to 
be  different;  but  their  latitudes  to  be  the  fame:  as  was  mentioned  §  607. 
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Remarks  upon  the  figns  of  the  zodiac  in  the  foregoing  chapter. 

665  The  ancient  Egyptians  had  feveral  divifions  of  the  heavens,  and  parti¬ 
cularly  of  the  zodiac,  to  which  the  reft  of  the  heaven  was  fuppofed  to  have 
relation  *,  and  accordingly  afiigned  a  greater  or  lefs  number  of  deities  to  pre- 
fide  therein,  all  under  the  direction  of  the  fupreme  being :  one  divifion  of 
the  heaven  was  into  two  hemifpheres,  one  on  the  north,  the  other  on  the 
fouth  fide  of  the  ecliptic :  one  divifion  of  the  zodiac  was  into  the  four  parts 
which  the  fun  occupies  during  the  four  feafons:  another  was  into  the  twelve 
ligns,  wherein  they  imagined  fome  of  the  moft  powerful  genii  to  refide ;  I 
fuppofe  becaufe  their  principal  deities  the  fun  moon  and  planets  are  always 
to  be  found  among  thofe  figns:  obfcrving  that  the  earth  with  the  plants  and 
inhabitants  thereof  are  differently  affeCted  at  different  times  of  the  year,  they 
imagined  this  to  be  owing  to  the  different  natures  and  influences  of  the  figns 
through  which  the  fun  paffes;  and  therefore  they  reprefented  thofe  figns  by 
hieroglyphical  figures  exprefling  their  fuppofed  natures  and  influences :  they 
did  not  think  this  enough,  but  fubdivided  every  fign  into  three  parts,  fo  as 
to  make  thirty  fix  parts  in  all,  every  one  of  thefe  parts  alfo  was  fuppofed  to 
have  its  particular  genius  of  a  lower  order,  upon  which  account  the  influen¬ 
ces  of  the  heavenly  bodies  were  thought  to  be  different  in  different  parts  of 
the  fame  fign  a;  they  had  alfo  another  way  of  dividing  fo  much  of  the  hea¬ 
ven  as  was  referred  to  one  fign  into  four  parts,  fo  as  to  make  48  in  all j  which 
was  therefore  the  number  of  the  conftellations;  to  this  number  the  Greeks 
long  after  fuperffitioufly  adhered,  though  the  figures  of  the  conffellations  are 
of  fuch  different  dimenfions,  as  by  no  means  to  anfwer  to  the  original  regu¬ 
lar  divifion  of  the  heaven  into  48  parts  :  I  fliould  not  have  mentioned  thefe 
particulars,  but  only  to  fliew  upon  what  kind  of  notions  judicial  affrology 
feems  to  have  been  originally  founded;  namely  upon  a  belief  that  the  ftars 
were  minifterially  concerned  in  the  government  of  this  fublunary  world,  by 
virtue  of  their  influences,  which  were  und$r  the  direction  of  inferior  deities; 
to  whom  therefore  the  ancients  ufed  to  addrefs  themfelves,  in  prayers,  facri- 
fices,  and  other  fuperfiitious  rites,  in  order  to  draw  down  their  benevolent 
influences,  or  avert  thofe  that  were  hurtful  and  unfortunate. 

Remarks  upon  the  characters  of  the  figns. 

666  Thefe  characters  are  thought  to  be  very  ancient b  ;  they  are  molt  of 
them  drawn  fo  as  in  fome  meafure  to  refemble  the  figures  they  are  intended 


a  Kirchcr.  Oed.  jEg.  T.  2.  part.  2.  c.  2, 3,  &  5.  Scalig.  in  Manil.  p.  371.  b  Scaliger.  ap.  Kirch,  loco  tit  at* 
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Fig.  to  fignifya,  as  maybe  feen  fig.  25,  where  I  have  given,  chiefly  from  Kircher0, 

2  5  fuchpiCtures  of  the  conftellations  of  the  zodiac,  or  of  parts  of  them,  as  ferve 
beft  to  (hew  the  likenefs  of  the  characters  to  the  originals  from  whence  they 
were  taken:  T  reprefents  the  horns  of  the  ram:  vd  the  head  and  horns  of 
the  bull:  n  the  figure  of  the  twins,  as  drawn  according  to  fome  authors 
ioyning  hands  and  feet,  or  rather  as  thus  defcribed  by  Plutarch^-,  the  Spartans, 
fays  he,  call  the  ancient  ftatues  of  the  Diofcuri  h* cava,  beams,  they  are  two 
pieces  of  wood  joyned  together  by  two  crofs  pieces  —  thefe  words  are  plainly 
a  defcription  of  the  character  n,  as  others  have  alfo  obfervedd.  The  charac¬ 
ter  ^  is  a  little  different  from  what  we  find  it  in  manufcripts,  tranlcribers 
have  brought  it  pretty  near  to  the  numeral  figures  6  and  9  ;  it  is  not  unufual 
for  people  to  alter  characters  as  well  as  words  which  they  do  not  underhand 
to  fomethin^  that  is  familiar  to  them;  Kircher  thought  the  Egyptians  in¬ 
tended  by  this  mark  to  reprefentthe  head  of  the  ibis  and  the  tail  of  the  crab; 

I  have  given  his  pictures  of  them,  though  I  am  not  of  his  opinion :  I  rather 
think  it  was  the  intention  of  the  inventor  of  this  character  to  reprefent  the 
change  of  the  fun’s  declination  from  north  to  fouth,  by  two  lines  drawn  fo 
as  to  point  contrary  ways:  61  is  the  tail  of  the  lion,  a  fymbol  or  his  courage, 
for  he  is  faid  to  lath  himfelf  with  his  tail  when  he  is  angry e:  was  origi¬ 

nally  the  three  ears  of  corn  which  virgo  ufed  antiently  to  be  drawn  holding 
in  her  hand:  ft  is  the  beam  of  the  balance:  }rl  was  at  firft  a  picture  of  the 
fcorpion  which  hafty  tranfcribers  have  gradually  changed  into  the  figure  now 
in  ufe:  i  is  the  arrow  of  the  archer;  in  manufcripts  we  often  meet  with 
the  bow  and  arrow:  %,  which  is  the  character  for  capricorn  ufed  by  the  I- 
talian,  French,  and  mofl  European  writers,  reprefents  in  fome  meafure  the 
fio-ure  of  the  conftellation ;  for  which  reafon  I  have  chofen  it  here,  rejecting 
vy  in  common  ufe  with  us,  as  a  barbarous  character,  which  owes  its  oiiginal 
to  a  bad  imitation  of  the  other:  as  is  a  natural  reprefentation  of  the  wavy 
furface  of  water  :  ^  is  the  picture  of  two  fifties  tyed  togetner  back  to  back, 
in  manufcripts  we  have  fometimes  inftead,  of  this,  two  fifties  heads.  I  fhall 
only  add  that  ft  and  ^  are  to  be  met  with  upon  the  ancient  Egyptian  obe- 
lifks  now  at  Rome,  whereof  Kircher  has  publifhed  the  draughts f:  that  ano- 


aSalmaf.  Plin.  exerch.p.  1236.  b  Oed.  Mg.  T.  2.  part.  2.  c.  3.  c  Defraterno  amore ,initioM*'«P*ra- 
? o^ice  a  for.©-.  <hxo;  ™  &><■*&,  I"***®*.  ”  foxoffyn  Euftath.  in  II.  f-  -«•  744-  u^‘  & 

hunc  locum  Plutarchi  lew  da  t.  d  Xylander  in  locum.  Palmerius  exercitat.  tn  Plut.  Shuc.tford  fact,  and 
troth,  hi  ft.  wol.  1.  p.  348.  It  may  be  obferved  here  that  before  lculpture  was  in  ufe  the  ancient  idolaters 
made  ufe  of  rough  hewn  logs  of  wood  or  hone  for  images  of  their  gods ;  by  degrees  they  gave  them  hu¬ 
man  fhape,  but  hill  with  their  legs  joyned  together  :  Dedalus  was  the  firh  who  attempted^ to  form  them 
with  their  legs  afunder,  and  was  therefore  faid  to  make  walking  ftatues.  Gonus  Mufn  EtrufajvoL  z. 
p,  32.  c  Homer.  Hind.  T.  <v.  170.  Plin.  nat.  hift .  /.  8.  c.  16.  f  Obelijc.  Pamphd.  &  Oed.Mg.  3 . 
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ther  character  which  fometimes  occurs  in  manufcripts  for  b  feems  to  be  an  Fig. 
attempt  to  exprefs  the  head  and  fore-legs  of  the  bull :  and  that  fometimes 
inStead  of  the  characters  b  and  m  we  meet  with  abbreviated  words.  The 
25th  figure,  wherein  I  have  given  the  characters  of  the  figns  as  they  are  found  25 
in  ancient  manufcripts,  will  illuStrate  thefe  remarks. 


CHAP.  7.  THAT  THE  ORBITS  OF  THE  PLANETS  AND  COMETS  ARE 

elliptical:  their  MOTIONS  in  their  orbits  not  equable. 

667  What  an  ellipfis  is  may  in  fome  meafure  be  understood  from  the  in¬ 
troduction,  §  190,  where  it  was  Shewn  to  arife  from  the  feCtion  of  a  cone;  but 
it  will  be  neceffary  for  our  prefent  purpofe  to  confider  another  method  of 
drawing  or  generating  that  figure,  which  is  as  followeth:  let  a  thread  tied 
together  at  both  ends  be  put  over  two  pins  fixed  upright  upon  a  plane,  at  any 
diftance  from  each  other  lefs  than  the  firing  thus  tied  will  reach;  a  pen  or 
pencil  carried  round  within  the  String,  fo  as  to  keep  it  always  Stretched  out 
to  its  utmoft  tenfion,  will  defcribe  upon  the  plane  a  curve,  which  is  the  pe¬ 
riphery  or  circumference  of  an  ellipfis,  fig.  26:  each  of  the  points  sf  wherein  26 
the  pins  are  fixed  is  called  a  focus  or  umbilicus  of  the  ellipfis the  farther  the 
focufes  are  afunder  the  more  oblong  will  the  ellipfis  be,  the  nearer  the  focufes 
are  together  the  nearer  will  the  ellipfis  be  to  a  circle,  if  the  fame  thread  be 
made  ufe  of:  if  the  focufes  coincide  or  meet  in  a  point,  the  String  will  then 
go  round  it  continuing  all  the  while  of  the  fame  length,  and  confequently 
the  curve  defcribed  will  be  a  compleat  circle  whereof  that  point  is  the  center: 

all  this  is  eafily  apprehended  by  a  view  of  the  preceding  figure,  and  may  be 
tried  with  a  String  and  two  pins  as  above. 

668  When  an  ellipfis  is  drawn,  there  arife  thefe  terms;  a  line  drawn  through 
the  focufes  both  ways  till  it  reaches  the  circumference  is  called  the  axis ,  the 
greater  axis  or  longefl  diameter  of  the  ellipfis ,  as  pa,  fig.  27:  a  point  taken  in  2  j 
the  greater  axis  equally  diftant  from  each  focus  is  the  center  of  the  ellipfis, 

as  c :  a  line  drawn  through  the  center  perpendicular  to  the  greater  axis  and 
terminated  at  each  end  by  the  circumference  is  the  lejfer  axis  or  Shortest  dia¬ 
meter  of  the  ellipfis,  as  Mm:  the  distance  between  the  center  and  either  fo¬ 
cus  is  the  excentricity  of  the  ellipfis,  as  c  s  or  c  f  :  the  excentricity  is  greater 
or  lefs  according  as  the  ellipfis  is  more  or  lefs  oblong. 

669  The  orbit  of  every  planet  is  an  ellipfis  having  the  fun  in  one  of  its  fo- 
cuSes:  we  may  now  confider  the  ellipfis  fig.  27  as  the  orbit  of  a  planet,  and  in  27 
this  view  there  will  arife  fome  aftronomical  terms  which  muft  be  explained; 
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Fig.  The  axis  of  any  planets  elliptic  orbit,  as  pa  fig.  27  is  called  the  line  of  the  abfi- 
27  des:  the  point  a,  where  the  planet  is  at  its  greatefl  diftance  from  the  fun,  is 
called  its  aphelion ,  aux a,  or  higher  ahfis  b:  the  point  p  where  the  planet  is  at  its 
leaft  diftance  from  the  fun  is  its  perihelion,  oppofitum  augis,  or  lower  abfis :  the 
extream  points  of  the  lefler  axis  of  the  elliptic  orbit  of  a  planet  m  and  m  are  the 
places  of  its  mean  or  middle  diftance:  and  a  line  drawn  from  either  of  thofe 
points  to  the  fun  as  m  s  or  m  s  is  the  line  of  the  planets  mean  diftaiice.  When  we 
would  exprefs  what  theexcentricity  of  the  orbit  of  any  planet  is,  we  fuppofe 
the  line  of  its  mean  diftance  to  be  divided  into  1000  equal  parts,  and  fay 
to  what  number  of  fuch  parts  the  excentricity  is  equal. 


If  we  imagin  the 
mean  diftance  of 
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670  The  orbits  of  the  planets  differ  very  little  from  circles,  as  may  be  feen 
ji  fig.  11,  where  they  are  drawn  in  their  true  fhapes:  the  orbits  of  mercury, 

mars,  jupiter  and  faturn,  are  there  expreft  by  double  lines ;  the  outermofl  of 
which  are  the  lines  of  the  planets  motions ;  the  innermoft  are  compleat  circles 
whereof  the  fun  is  the  center,  and  the  radius  of  each  circle  is  the  lealt  diftance 
of  itsrefpe&ive  planet  from  the  fun ;  and  confequently  the  diftance  between  the 
two  lines  fhews  how  much  any  planet  is  farther  from  the  fun  in  any  other  part 
of  its  orbit  than  it  is  at  the  perihelion.  The  excentricities  of  venus  and  the 
earth  are  fo  fmall,  that  inftead  of  double  ones,  their  orbits  are  expreft  by  fin- 
gle  lines,  drawn  gradually  thicker  and  thicker  from  the  perihelion  to  the 
aphelion  j  and  thinner  and  thinner  from  the  aphelion  to  the  perihelion  :  by 
this  means  the  different  diftances  of  thefe  planets  from  the  fun  in  different 
parts  of  their  orbits  is  exhibited:  thus,  the  earth  is  as  much  farther  from  the 
fun  in  any  point  of  her  orbit  than  fhe  is  at  the  perihelion,  as  the  thicknefs 
of  the  line  in  that  point  of  her  orbit  amounts  to. 

671  <The  motion  of  the  planets  in  their  orbits  is  not  equable ;  but  every  one 
of  them  obferves  this  rule,  that  a  line  drawn  from  the  fun  to  the  planet  moves 
over  equal  areas  upon  the  plane  of  its  orbit  in  equal  times:  thus,  let  the  el- 

23  lipfis,  fig  28,  be  the  orbit  of  a  planet,  if  the  planet  moves  in  a  certain  time, 
for  example  in  a  month,  from  the  point  a  to  b  ;  we  may  fay  that  in  a  months 
time  the  line  s  a  drawn  from  the  fun  to  the  planet  has  fwept  or  moved  over 
the  triangular  area  asb:  to  this  make  the  triangular  area  b s  c  equal,  and  a 
line  drawn  from  the  fun  to  the  planet  will  move  over  this  area  in  a  time  equal 

a  Aux  mgine  Perjicum,  aliitudo .  Golii  lexic.  b  Plin.  N.  Hi.  z.c.  15.  al.  apjls.  tO 
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to  the  former,  that  is,  in  another  month  the  planet  will  move  from  b  to  c:  Fig. 
and  fo  for  the  reft  of  the  orbit,  if  the  plane  of  it  be  divided  into  the  mixt  tri-  28 
angles  csd,  dse,  esf,  &c.  in  fuch  a  manner  that  the  area  of  every  one  of 
them  be  equal  to  the  area  of  a  s  b,  a  line  drawn  from  the  fun  to  the  planet 
will  fweep  each  of  thefe  triangles  in  the  fame  time  as  it  does  the  triangle 
asb  ;  and  confequently  the  planet  will  go  from  b  to  c,  from  c  to  d,  from 
d  to  e,  from  e  to  f,  &c.  in  the  fame  time  as  it  did  from  a  to  b. 

672  The  figure  before  us  being  divided  into  twelve  mixt  triangles,  the  ftdes  28 
of  each  triangle  conftft  of  two  ftrait  lines  and  an  arc  of  an  ellipfis:  a  view  of 
the  figure  is  fufticient  to  fhew,  that  if  we  would  make  the  areas  of  them  equal, 
the  fhorter  the  two  ftrait  lines  of  any  triangle  are,  the  longer  muft  the  arc  be ; 
the  longer  the  ftrait  lines  are,  the  fhorter  muft  the  arc  be:  now  the  ftrait  lines 
are  fhorter  the  nearer  to  the  perihelion,  longer  the  nearer  to  the  aphelion ; 
and  confequently  the  arcs  defcribed  by  any  planet  in  its  orbit  in  a  given  time 
are  longer,  the  nearer  the  planet  is  to  its  perihelion;  fhorter,  the  nearer  the 
planet  is  to  its  aphelion.  From  hence  it  followeth  that  every  planet  moves 
fwifteft  in  its  perihelion,  floweft  in  its  aphelion,  with  a  middle  or  mean  mo¬ 
tion  at  its  mean  diftances. 

673  The  28th  figure  reprefen ts  the  orbit  of  the  earth  divided  into  twelve  28 
parts  or  arcs,  anfwering  to  the  twelve  months  in  the  year;  but  the  ellipfis 

is  much  more  excentric  than  its  true  figure  requires:  it  was  neceffary  to  draw 
it  thus,  the  better  to  fhew  the  inequality  of  the  arcs  of  an  ellipfis  divided  into 
equal  triangles:  if  a  circle  be  divided  into  equal  triangles,  the  arcs  will  be 
exactly  equal :  as  appears  by  fig.  16:  the  orbits  of  the  planets  are  fo  near  to  16 
circles,  that  if  the  orbit  of  mercury  which  is  the  moft  excentric  of  them  all 
were  drawn  in  its  true  figure,  and  divided  into  equal  triangles,  we  fhould 
fcarcely  perceive  any  difference  between  the  arcs ;  much  lefs  would  any  fuch 
difference  be  perceptible  in  the  arcs  of  the  earth’s  orbit,  if  it  were  drawn  in 
its  true  proportion.  Since  the  orbits  of  the  planets,  and  of  the  earth  parti¬ 
cularly,  are  fo  near  to  circles,  the  inequality  of  their  motions  is  very  fmall. 

674  The  orbit  of  every  comet  is  a  very  excentric  ellipfis  having  the  fun  in  one 
of  its  focufes :  the  motion  of  comets  round  the  fun  is  not  equable ,  but  according 
to  this  rule,  a  line  drawn  from  the  fun  to  the  comet  paffes  over  equal  areas 
upon  the  plane  of  its  ellipfis  in  equal  times :  therefore  comets  move  much 
fwifter  at  their  perihelia  than  at  their  aphelia;  with  a  mean  motion  at  their 
mean  diftances.  The  26th  figure  will  ferve  well  enough  to  reprefent  the  or-  2S 
bit  of  a  comet,  though  the  orbits  of  fome  of  them  are  much  more  excentric 
than  that  ellipfis:  the  more  excentric  the  orbit  of  a  comet  is,  the  greater 
difference  will  there  be  between  the  arcs  it  moves  through  in  equal  times ; 
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Fig.  that  is,  the  greater  inequality  will  there  be  in  the  motion  of  the  comet:  for 
thisreafon,  a  comet  which  moves  pretty  fall  near  its  perihelion  may  move 
exceedingly  flow  at  its  aphelion;  fo  as  to  make  its  entire  period  to  take  up  a 
great  number  of  years :  the  period  of  the  comet  which  appeared  in  the  year 
1 1  1680  is  575  years;  its  orbit  is  a  very  excentric  ellipfis,  as  appears  by  the  nth 
figure,  as  does  alfo  the  near  approach  it  made  to  the  fun  in  its  perihelion;  in 
its  aphelion  it  goes  to  a  diftance  from  the  fun  about  eight  times  as  great  as 
the  lemidiameter  of  the  orbit  of  faturn.  Comets  are  vifible  to  us  only  when 
they  corneas  near  to  the  fun  as  the  orbit  of  jupiter;  when  they  are  farther 
from  the  fun  than  that,  their  diflance  from  the  earth  is  fo  great  that  they 
are  invifible  to  usa:  and  this  is  the  reafon  we  fo  rarely  fee  any  of  them,  not- 
withftanding  they  are  fo  numerous;  becaufethey  are  for  much  the  greatefl 
part  of  their  periods  moving  very  flowly  at  immenfe  diftances  from  us. 


CHAP.  8.  THE  ASPECTS  OF  THE  INFERIOR  PLANETS  WITH  THE  SUN: 
THEIR  GEOCENTRIC  MOTIONS*.  THEIR  APPEARING  DIRECT,  STA¬ 
TIONARY,  RETROGRADE. 

675  I  have  fufficiently  explained  in  what  manner  the  planets  would  ap¬ 
pear  to  move,  if  they  were  to  be  viewed  from  the  fun;  I  have  alfo  fliewn 
how  their  apparent  latitude  is  varied,  by  their  being  viewed  from  the  earth 
in  different  parts  of  her  orbit:  I  fhall  now  enter  into  a  more  particular  detail 
of  their  geocentric  motions,  which  arife  from  a  combination  of  thefe  two 
caufes,  1  the  motions  of  the  planets  themfelves  in  their  orbits,  and  2  the  mo¬ 
tion  of  the  earth,  by  which  the  ftation  of  the  obferver  is  continually  changing. 

676  A  planet  is  laid  to  be  in  conjunBion  with  the  fun,  when  its  geocentric 
place  is  the  fame  with  the  geocentric  place  of  the  fun:  a  planet  is  faid  to  be 
in  oppojition  to  the  fun,  when  its  geocentric  place  is  oppofite  to  the  geo¬ 
centric  place  of  the  fun:  an  exaCt  or  central  conjunction  or  oppofition  can 
happen  only  when  a  planet  is  in  one  of  its  nodes  at  the  fame  time  that  the 
earth  is  in  the  line  of  nodes  of  that  planet ;  but  it  is  generally  called  a  con¬ 
junction  or  oppofition,  when  the  fame  circle  of  latitude  paffes  through  the 

24  fun  and  the  planet :  thus,  fig.  24,  if  the  geocentric  place  of  the  fun  be  at  Y,  of 
a  planet  at  a  or  b,  the  planet  is  faid  to  be  in  conjunction :  if  the  fun  appears  at 
*£,  the  point  oppofite  to  r,  and  the  planet  at  a  or  b ,  it  is  in  oppofition:  when 
the  geocentric  place  of  a  planet  is  90°,  or  a  quarter  of  a  circle,  diflant  from 
the  fun’s  place,  the  planet  is  faid  to  be  in  quadrature,  or  in  a  quartile  afpeCt, 

a  nj,  Newioni  Prim  p.  1.  3.  lemma  4. 
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or  to  be  in  fquare  with  the  fun:  thefe  terms  are  ufed  in  a  like  fenfe  when  ap-Fic. 
plied  to  any  two  of  the  heavenly  bodies :  thus,  the  fun  and  moon,  or  the  moon 
and  any  planet,  or  two  planets  may  be  in  conjunction,  oppofition,  or  quadra¬ 
ture.  Thefe  configurations  of  the  heavenly  bodies,  arifing  from  their  mutual 
fituations  with  regard  to  their  different  longitudes  meafured  on  the  ecliptic, 
are  called  afpefts ;  as  if  they  looked  at  one  another  in  a  different  manner  ac¬ 
cording  to  their  different  pofitions:  the  word  feems  to  be  taken  from  the 
ancient  notion  of  the  fun,  moon  and  planets  being  animated,  as  do  alfo  fome 
other  expreffions  ufed  by  the  aftrologers;  as  when  they  talk  of  the  planets  af¬ 
flicting  and  oppreffing,  or  of  their  aiding  and  ftrengthening  one  another.  It  has 
been  already  obferved,  §  626,  that  the  favourers  of  judicial  aftrology  would 
have  us  believe  fome  of  the  heavenly  bodies  to  be  of  a  benign,  others  of  an 
hurtful  nature;  they  teach  moreover  that  planets  of  the  fame  nature  in  fome 
fituations  cooperate,  and  joyn  their  influences;  and  thole  of  a  contrary  na¬ 
ture  obftrud  one  another  in  their  feveral  effeds ;  and  that  they  exert  thefe 
powers  in  different  manners  and  degrees,  according  to  their  feveral  afpeds: 
and  therefore,  according  to  Keplers  definition,  an  afped  is  an  angle  formed 
by  the  rays  of  two  planets  meeting  upon  the  earth,  having  a  power  to  in¬ 
fluence  fublunary  beings.  The  ancients  reckoned  only  five  afpeds,  which  are 
often  reprefented  by  charaders,  as  may  be  feen  in  the  common  almanacks : 
they  are  thefe  that  follow,  conjundion  d  ,  oppofition  8 ,  quartile  □,  trine 
fextile  * :  with  regard  to  their  fuppofed  influences,  the  oppofition  and  fquare 
are  held  to  be  malevolent,  the  trine  and  fextile  benevolent  afpeds:  the  con¬ 
jundion  is  faid  to  be  of  an  indifferent  nature:  fome  of  the  moderns  take  in 
a  greater  number  of  afpeds;  as  the  decile,  when  the  difference  in  longitude 
between  thofe  two  of  the  heavenly  bodies  which  are  under  confideration  is  a 
tenth  part  of  the  ecliptic;  the  odile,  when  an  eighth  part;  the  quintile,  when 
a  firth  part,  &c.  Kepler,  epit.  ajlronom.  p.  842. 

.677  The  conjunction  of  an  inferior  planet  with  the  fun  is  of  two  forts; 

1  m  its  inferior  iemicircle,  or  that  part  of  its  orbit  which  is  nearer  to  our  earth 
than  the  lun  is;  2  in  its  fuperior  femicircle*,  or  that  part  which  is  farther 
from  our  earth  than  the  fun  is:  in  the  former  of  thefe  conjundtions  the  planet 
is  between  our  earth  and  the  fun;  in  the  latter  the  fun  is  between  our  earth 
and  the  planet:  thus,  fig.  29,  letoppRT  be  part  of  the  ecliptic,  s  thefun,  the  „„ 

ice  circles  round  him  the  orbits  of  mercury,  venus  and  the  earth,  fuppofe  ” 
the  earth  to  be  at  a,  the  fun's  geocentric  place  will  be  at  if  mercury  be  then 

/  hls  geocentric  place  alio  is  at  Q_,  and  he  is  in  conjundtion  in  his  inferior 
temicircle :  if  mercury  be  at  m,  his  geocentric  place  is  and  he  is  in  con- 

a  See  §  270. 
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Fig.  junction  in  his  fuperior  femicircle:  in  like  manner  venus  at  e  is  in  conjunc¬ 
tion  in  her  inferior  femicircle  ;  at  c  in  her  fuperior. 

678  The  inferior  planets  can  never  he  in  oppofition  to  the  fun,  nor  indeed 
can  they  ever  appear  at  a  great  diftance  from  him:  this  distance  is  called  their 

29  elongation  :  thus,  fig.  29,  if  the  earth  be  at  a,  venus  at  h,  her  geocentric  place 
is  t,  her  elongation  qt:  the  greateft  elongation  of  an  inferior  planet  is  when 
the  vifual  line,  that  is  a  line  drawn  from  the  earth  to  the  planet,  is  a  tangent 
to  its  orbit:  thus  mercury  at  n  and  venus  at  h  are  in  their  preateft  elonga- 
tions:  this  is  fpeaking  in  a  general  and  inaccurate  way;  for  the  elongation 
of  a  planet  is  then  greatefi:  of  all  when  the  planet  is  in  its  aphelion  at  the  time 
when  the  vifual  line  is  a  tangent  to  its  orbit :  thus  the  greatefi:  polfible  elonga¬ 
tion  of  mercury  is  qp,  when  he  is  in  aphelion,  as  at  l  :  it  is  found  by  obfervation 
that  the  greatefi:  elongation  of  mercury  is  about  28°,  of  venus  48°*  The  infe¬ 
rior  planets  in  their  elongations  are  fometimes  eafiward,  fometimes  welt- 
29  ward  from  the  fun:  thus,  the  earth  being  at  a,  when  venus  appears  in  any 
part  of  the  arc  <yo  the  is  weftward  from  the  fun,  and  therefore  rifes  before 
him,  is  feen  in  the  morning,  and  is  called  the  morning Jiar :  when  fhe  ap¬ 
pears  any  where  in  the  arc  qt,  fhe  is  eafiward  from  the  fun,  and  there¬ 
fore  fets  after  him,  is  feen  in  the  evening,  and  is  then  the  evening  far. 

679  If  the  planets  were  to  be  viewed  from  the  fun  they  would  always  ap¬ 
pear  direct,  going  on  in  their  heliocentric  circles,  according  to  the  order  of 
the  figns,  as  was  fhewn  §  640 ;  and  their  motions,  though  not  exactly  fo, 
would  be  nearly  equable  :  whereas,  to  us  who  view  them  from  the  earth, 
they  appear  fometimes  direct,  fometimes  retrograde ;  and  both  thefe  with  great 
inequality  of  velocity:  fometimes  they  are  flationary ,  for  a  little  while  not 
fenfibly  changing  their  geocentric  places  in  the  fphereof  the  heaven:  this  di- 
verfity  of  their  appearances  is  owing  to  the  feveral  combinations  of  the  mo¬ 
tions  of  the  earth  and  of  the  planets  in  their  orbits;  and  therefore,  in  order 

a  full  explanation,  botii  thefe  motions  muft  be  taken  into  the  account: 
but  it  w  ill  not  be  amils  fiifl  to  confider  them  leparately ;  and,  fince  the  earth 
is  longer  in  going  round  the  fun  in  her  orbit  than  either  of  the  inferior  pla- 
mts  in  then  s,  let  us  confider  the  earth  as  at  reft  in  fiome  part  of  her  orbit, 
whilft  an  inferior  planet,  for  example,  mercury,  goes  round  in  his ;  and  fee 
what  his  appearances  would  be  upon  this  fuppofition. 

680  Whilft  an  inferior  planet  is  moving  in  its  fuperior  femicircle  its  geo¬ 
centric  motion  is  direct;  whilft  it  is  moving  in  its  inferior  femicircle  its  geo- 

2  9  centric  motion  is  retrograde:  thus,  fig.  29,  fuppofe  the  earth  at  reft  at  a,  whilft 
mercury  is  going  in  his  orbit  from  n  to  1,  from  1  to  l,  his  motion  appears  to 
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an  inhabuani  of  the  earth  to  be  retrograde,  contrary  to  the  order  of  the  fi-ms  ■  Ft 

namely  from  R  to  Q_,  from  Q_to  p:  when  mercury  is  moving  front  ,  to  v  to 

from  m  to  n  his  geocentric  motion  is  dired,  according  to  tire  order  of  the 
hgns;  namely  from  p  to  q,  from  qjo  r. 

.  681  When  our  earth  is  in  the  line  of  nodes  of  an  inferior  planet  its  orbit 
in  a  perlpedive  view  appears  a  ftrait  line,  as  fig.  3 1 ;  becaufe  the  plane  of  it 
pafies  thiough  the  eye  of  an  obferver  upon  the  earth,  §  258;  and  therefore 
the  planets  apparent  motion  is  then  in  a  ftrait  line:  thus,  let  the  earth  be  in 
ftre  hne  of  nodes  of  mercury,  the  projection  of  his  orbit  is,  as  in  fig  a  ,x 
ftrait  line  a  c  extended  on  each  fide  of  the  fun  B„  to  the  diftance  of  the  pla-  ' 
nets  greateft  elongation:  if  mercury  be  then  in  his  fuperior  femicircle  Sais 
apparent  motion  is  dired  from  a  to  c,  in  a  ftrait  line,  but  unequal,  4  ,  g 
the  unequal  d,v, lions  of  the  line  in  equal  times,  falter  the  nearer  to  the  fun 
by  §  268a  if  a  conjunction  happens,  he  paffes  behind  the  fun,  from  ,  to  b 
If  when  the  earth  is  in  the  line  of  his  nodes,  mercury  be  in  h,s  inferior  ft 
miciicle,  his  apparent  motion  is  retrograde,  in  the  Erne  ftrait  line  as  before 
fiom  c  to  a,  but  more  unequal  than  in  the  preceding  cafe,  §  268  b.  a0in l 
falter  the  nearer  to  the  fun,  and  in  conjunction  he  paffes  between  the  fun  and 
our  eye,  and  appears  to  go  over  the  fun’s  difk  from  b  to  «:  in  this  manner 
mercury  has  often  been  feen  to  pafs  over  the  fun’s  difk,  venus  was  never 
obferved  to  do  fo  but  once,  Novemb.  24.  1639.  When  the  earth  is  our  of 
the  line  of  nodes  of  an  inferior  planet  its  orbit  appears  an  ellipfis  more  or 
lels  excentnc  according.  as  our  eye  is  differently  elevated  above  its  plane  « 

26  r;  the  apparent  motion  therefore  of  the  planet  is  then  in  an  elliptic  curve^ 
thus,  let  the  earth  be  as  far  as  poflible,  that  is  90°,  out  of  the  line  of  nodes 
of  mercury,  the  projection  of  his  orbit  will  be  fuch  an  elliptic  curve  as  fin- 
32,  wherein  he  will  appear  to  move  according  to  the  order  of  the ’letter!' 
direct  when  in  his  ft, per, or  femicircle,  from  *  to  b,  from  b  to  r,  beiiw  above 
the  fun  at  b,  m  conjunction:  but  in  his  inferior  femicircle  his  apparent  mo¬ 
tion  will  be  retrograde,  from  c  to  d,  from  dtoa;  and  in  conjundL  he  w  1 
be  below  the  fun  at  d,  m  thefe  cafes  alfo  his  apparent  motion  will  be  urn 
qual,  faftei  the  nearer  to  conjundion,  but  moft  unequal  in  the  inferior  fe¬ 
micircle,  going  through  the  unequal  arcs  into  which  the  elliptic  curve  is  di 

682  The  geocentric  motion  of  the  inferior  planets  both  dired  and  retro- 
giade  is  fometimes  lwifter  and  fometimes  flower;  fwifter  the  nearer  to  the 

ken  of  Wel  nCarer  t0, th£ir  greatdl  eIonSatio,ls :  the  inequality  now  fpo- 
ken  of  is  not  owing  to  the  imall  inequality  of  their  motions  in  their  orbits 
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ig.  which  was  mentioned  §  672,  but  to  their  orbits  being  viewed  obliquely, 
and  by  that  means  projected  into  oblong  ellipfes  or  ftrait  lines  with  the  fun 

31  in  the  middle  of  them,  as  fig.  31  and  32;  in  which  projections  a  body  mo- 

32  ving  with  an  uniform  velocity  round  a  circle  will  appear  to  move  irregularly, 
fwifter  the  nearer  to  the  middle;  flower  the  nearer  to  the  extremities  ac  or 
a  c  :  fee  this  more  fully  explained  in  the  introduction,  §  268,  269. 

683  An  inferior  planet  is  fiationary  while  its  motion  is  changing  from  di¬ 
rect  to  retrograde,  or  from  retrograde  to  direCt ;  that  is  it  will  appear  not  to 
change  its  place  lenfibly  for  fome  time:  now  if  the  earth  fiood  ftill  the  pla¬ 
ces  of  being  ftationary  would  be  at  the  planets  greatefi  elongation ;  for  though 
it  be  the  nature  of  a  tangent  to  touch  its  circle  only  in  a  point,  yet  when  the 
circle  is  large  the  receding  of  the  circle  from  the  tangent  is  not  perceptible 

29  in  the  parts  very  near  the  point  of  contaCt:  thus,  fig.  29,  fuppofe  the  earth 
to  be  at  refi  at  a  venus  would  appear  ftationary,  her  geocentric  place  conti¬ 
nuing  at  t,  all  the  while  file  is  going  in  her  orbit  from  a  to  b:  becaufe  her 
deviation  from  the  vifual  line  at  would  fcarce  be  perceptible  fo  near  the 
point  of  contaCt  h.  Thus  to  an  inhabitant  of  the  earth  the  inferior  planets  ap¬ 
pear  always  near  the  fun,  alternately  going  from  him  and  returning  to  him, 
in  ftrait  lines  or  elliptic  curves,  firft  on  one  fide  and  then  on  the  other:  fome- 
times  fo  near  the  fun  as  to  be  rendred  invifible  by  his  ftronger  light:  fome- 
times,  when  in  or  near  their  nodes,  they  pafs  behind  the  fun,  in  their  fupe- 
rior  femicircles;  or  come  between  the  fun  and  our  eyes,  in  their  inferior  fe- 
micircles:  and  in  this  laft  cafe  appear  like  fpots  moving  over  the  difk  of  the  fun. 

684  Hitherto,  for  the  more  eafy  comprehenfion  of  them,  I  have  confi- 
dered  the  geocentric  motions  of  the  inferior  planets,  luppofing  the  earth  to 
ftand  ftill  in  fome  part  of  her  orbit,  while  they  go  round  the  fun  in  theirs ; 
the  motion  of  the  earth  makes  fome  alterations  which  fiiall  now  be  fhewn : 
if  the  earth  were  to  ftand  ftill  in  any  point  of  her  orbit  as  at  a,  the  places 
of  conjunction  both  in  the  inferior  and  fuperior  femicircle,  as  alfo  of  great- 

29  eft  elongation,  and  confequently  the  places  of  direCt  and  retrograde  motion 
and  of  the  ftations  of  an  inferior  planet  would  be  always  in  the  fame  parts  of 
the  heaven:  thus,  fig.  29,  upon  this  fuppofition,  the  places  of  mercury’s  fta¬ 
tions  would  be  always  the  points  p  and  r,  the  arc  of  his  direCt  motion  pr, 
and  the  arc  of  his  retrograde  motion  rp:  whereas  now,  the  places  wherein 
thefe  appearances  happen  are  continually  advancing  forward,  in  the  ecliptic, 
according  to  the  order  of  the  figns,  by  the  motion  of  the  earth  in  her  or- 
^  bit:  thus,  fig.  33,  let  abcd  be  the  orbit  of  the  earth,  efgh  the  orbit  of  mer- 
cury,  6  the  fun,  gk  1  an  arc  of  the  ecliptic;  when  the  earth  is  at  a  the  fun’s 
geocentric  place  is  at  f,  and  mercury  in  order  to  a  conjunction  muft  be  in 

the 
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the  line  af,  that  is,  in  his  orbit  he  muft  be  at  /or  h fuppofe  him  to  be  at  Fi 
/in  his  inferior  femiciicle,  if  the  earth  Rood  Rid  at  a,  mercury’s  next  con-  33 
junction  would  be  when  he  is  in  his  fuperior  femicircle  at  h ,  the  places  alfo 
of  mercury’s  greateR  elongation  from  the  fun  would  in  his  orbit  be  e  and  gt 
and  in  the  ecliptic  e  and  g,  but  let  the  earth  go  on  in  her  orbit,  fuppofe 
fiom  a  to  b,  the  fun  s  geocentric  place  is  now  at  k,  and  mercury  in  order 
to  be  in  conjunction  Riould  be  in  the  line  b  k  at  m.  As  by  the  motion  of  the 
earth  the  places  of  mercury’s  conjunctions  with  the  fun  are  thus  continually 
carried  round  the  ecliptic  according  to  the  order  of  the  figns,  fo  the  places 
alfo  of  his  utmoR  elongation  mutt  go  forward  the  fame  way:  thus,  when 
the  earth  is  at  a  the  places  of  mercury’s  greatefl  elongation  from  the  fun  are 
in  the  ecliptic  e  and  G;  the  motion  of  the  earth  from  a  to  b  advances  them 
forward,  from  g  to  l,  from  e  to  1. 

685.  But  the  geocentric  motion  of  mercury  will  be  better  feen  in  the 
following  figure,  which  is  much  eafier  to  be  comprehended  than  upon  a  trail— 
fient  view  it  may  appear  to  be.  In  figure  30  we  have  part  of  the  ecliptic 
marked  T  &  H  S^c,  in  the  center  of  which  is  the  fun  s,  and  round  him  ^ 
the  orbits  of  mercury  and  the  earth:  the  orbit  of  mercury  is  divided  into  11 
equal  parts,  each  part  containing  fuch  an  arc  as  mercury  goes  through  in  8 
days,  the  points  of  divifion  are  marked  with  numeral  figures  1234  &c,  part 
of  the  orbit  of  the  earth  ab  c  is  likewife  divided  into  22  equal  arcs,  eacl^arc 
being  fo  much  as  the  earth  goes  through  in  8  days  time,  the  points  of  divi¬ 
fion  are  marked  with  the  letters  abcdef  &c,  and  fhew  fo  many  feveral  Ra¬ 
tions  from  whence  mercury  may  be  obferved  by  an  inhabitant  of  the  earth : 
fuppofe  then  mercury  to  be  at  that  point  of  his  orbit  which  is  marked  with 
the  figure  1,  and  at  the  fame  time  the  earth  to  be  at  a-,  draw  a  line  from  a 

through  1  and  it  Riews  mercury’s  geocentric  place  at  a:  in  8  days  mercury' 

will  be  got  to  2,  the  earth  to  b-}  draw  a  line  from  b  through  2  and  it  points 
out  mercury  s  geocentric  place  at  b:  in  another  8  days  mercury  will  be  at 
3,  the  earth  at  c ;  a  line  drawn  from  c  through  mercury  at  3  fhews  his  place 
at  c :  in  this  manner  going  through  the  figure,  and  drawing  lines  from  the 
earth  at  d,  e,f,  g,  & c,  through  the  figures  in  mercury’s  orbit  4,  5,  6,  7,  &c, 
we  fhall  find  his  geocentric  places  fncceffively  at  d,  e,  f,  g,  &c;  where  we 
may  obferve  that  from  a  to  b,  from  b  to  c  mercury  is  diretf:,  from  c  to  i> 

from  d  to  e  retrograde.  I  have  in  the  figure  marked  22  points  in  the  earth’s 

orbit,  for  fo  many  Rations  from  whence  mercury  may  be  viewed;  to  anfwer 
to  thefe  Rations,  there  muR  be  22  places  taken  in  the  orbit  of  mercury :  for 
this  purpofe  I  have  marked  the  place  of  that  planet  at  the  end  of  every  8 
days,  foi  two  of  his  periodical  revolutions;  and  this  is  the  reafon  of  two 

numeral 
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Fig.  numeral  figures  being  placed  at  each  divifion,  to  fiiew  that  we  are  to  go  over 
3°  his  orbit  twice  in  conlidering  the  fcheme  before  us. 

686  The  geocentric  motion  of  venus  may  be  explained  by  a  figure  fimilar 
to  that  made  ule  of  to  fhew  the  motion  of  mercury ;  only,  as  mercury  goes 
through  his  orbit  quicker  than  venus,  conjunctions,  oppofitions,  elongations, 
Rations,  and  the  changes  of  motion  from  direCt  to  retrograde  or  from  re¬ 
trograde  to  direCt  are  all  more  frequent  in  mercury  than  in  venus. 

687  In  order  to  an  explanation  of  the  Rations  of  the  planets,  it  may  be 
remembred  that  I  have  before  laid  down  this  pofition,  §  636,  that,  in  com¬ 
panion  of  the  difiance  of  the  fiars,  the  orbit  of  faturn  is  but  as  a  point ; 
much  more  may  the  fame  be  laid  of  the  orbit  of  the  earth;  and  confequently, 
if  we  confiderany  two  parallel  lines  which  are  not  at  a  greater  difiancefrom 
one  another  than  the  diameter  of  the  orbit  of  the  earth  amounts  to,  fuch  lines 
continued  would,  as  far  as  could  be  perceived  by  obfervation,  terminate  in 
the  fame  point  of  the  fphere  of  the  heaven :  this  being  premifed,  let  the 
two  circles  fig.  34  reprelent  the  orbits  of  venus  and  of  the  earth,  let  the 
lines  ae,  bf,  cg,  dh,  be  parallel  to  sp,  I  fay  they  will  all,  if  continued,  ter¬ 
minate  in  the  fame  point  in  the  heaven,  as  to  fenfe,  as  the  line  sp  extended 
thither  would  do :  now  fuppofe  venus  at  e  when  the  earth  is  at  a,  the  vilual 
ray  by  which  venus  is  feen  is  the  line  a  e  :  fuppofe  while  venus  goes  from  e 
to  f  the  earth  goes  from  a  to  b,  the  vifual  ray  in  which  venus  is  now  feen 
is  bf,  parallel  to  ae  ;  and  therefore  venus  will  be  all  that  time  Rationary, 
appearing  in  that  point  of  the  heaven  where  sp  extended  would  terminate: 
this  Ration  is  at  her  changing  from  direCt  to  retrograde:  again,  fuppofe  when 
the  earth  is  at  c  venus  is  at  g,  the  vifual  line  is  c  g  ;  if  while  the  earth  goes 
from  c  to  d  venus  goes  from  g  to  h,  fo  that  flie  is  feen  in  the  line  d  h  paral¬ 
lel  to  cg,  venus  will  be  all  that  time  Rationary,  appearing  in  that  point  where 
a  line  drawn  from  s  through  p  would  terminate:  this  Ration  is  at  her  chang¬ 
ing  from  retrograde  to  direCt :  both  Rations  are  in  her  inferior  femicircle. 

688  An  inferior  planet  in  conjunction  with  the  fun  in  its  inferior  femh. 
circle  is  faid  to  be  in  perigee ,  in  conjunction  in  its  luperior  femicircle  it  is  faid 

29  to  be  in  apogee a:  thus  fig.  29,  if  when  the  earth  is  at  a  venus  be  at  e,  mercu¬ 
ry  at  1,  they  are  in  perigee ;  if  venus  be  at  G,  mercury  at  m,  they  are  in 
apogee.  The  difiance  of  each  of  the  inferior  planets  from  the  earth  when  the 
planet  is  in  perigee  is  variable;  as  is  alfo  its  apogee  difiance:  the  variation  of 
thefe  difiances  of  the  inferior  planets  is  owing  partly  to  the  excentricities  of 
their  orbits  and  of  the  orbit  of  the  earth  ;  and  partly  to  the  motions  of  thofe 
planets  and  the  motion  of  the  earth;  by  which  it  comes  to  pafs  that  they  are 

a  The  word  perigee  fignifies  ne^r  the  earth  ;  apogee  diflant  from  the  earth. 

in 
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in  perigee  when  they  are  in  different  parts  of  their  orbits,  as  well  as  when  Ft 
the  earth  is  in  different  parts  of  her  orbit— Since  the  difference  between  the 
penhelion  and  aphelion  diftances  from  the  fun  is  greater  in  the  orbit  of  mer- 
cury  than  m  the  orbit  of  the  earth3,  mercury  will  be  at  the  leaft  poffible  di¬ 
ftance  from  the  earth  when  he  is  in  perigee  at' the  time  that  he  is  in  aphelion : 
became,  mercury  being  then  between  the  earth  and  the  fun,  his  running  out 
to  his  greateft  diftance  from  the  fun  brings  him  the  neareft  to  the  earth  that 
ever  he  can  be  :  again,  mercury  is  at  the  greateft  poffible  diftance  from  the 
earth  when  he  is  in  apogee  at  the  time  that  he  is  in  aphelion  ;  becaufe,  the  fun 
being  then  between  the  earth  and  mercury,  his  running  out  in  that  fimation 
to  his  greateft  diftance  from  the  fun  carries  him  the  fartheft  from  the  earth 
that  ever  he  can  be:  thus,  fig.  29,  fuppole  mercury  to  be  at  his  aphelion  l,  29 
if  the  earth  be  then  at  b  mercury  is  at  the  leaft  poffible  diftance;  if  the  earth 
be  at  d  lie  is  at  the  greateft  poffible  diftance  from  the  earth.  —  Since  the  dif- 
ference  between  the  perihelion  and  aphelion  diftances  is  greater  in  the  orbit 
of  the  earth  than  in  the  orbit  of  Venus b,  venus  will  be  at  the  leaft  poftible  di¬ 
ftance  from  the  earth  when  flie  is  in  perigee  at  the  time  that  the  earth  is  in 
perihelion;  becaufe,  venus  being  then  between  the  earth  and  the  fun,  the 
earth  by  approaching  in  that  part  of  her  orbit  the  neareft  to  the  fun  that  is 
poftible,  comes  the  neareft  to  venus  that  ever  flie  can  be:  again,  venus  is  at 
the  greateft  poftible  diftance  from  the  earth  when  fhe  is  in  apogee  at  the  time 
that  the  earth  is  in  aphelion;  becaufe,  the  fun  being  then  between  the  earth 
and  venus,  the  earth  by  running  out,  in  that  part  of  her  orbit,  to  her  great¬ 
eft  diftance  from  the  fun,  goes  the  fiirtheft  from  venus  that  is  poftible  for  her 
ever  to  do. 

689  The  inferior  planets,  going  round  the  fun  in  orbits  Iefs  than  the  orbit 
of  the  earth,  are  fometimes  nearer  to  11s  than  at  other  times,  as  has  been 
ftiewn,  §  688 ;  and  consequently  their  apparent  diameters  are  fometimes  Great¬ 
er  than  at  other  times c :  thus,  fig.  29,  fuppofe  the  earth  to  be  at  A,  if  venus  20 
be  at  e  fhe  is  the  whole  diameter  of  her  orbit,  viz.  eg,  nearer  to  us  than  if  flie 
were  at  g  ;  and  confequently  her  dirt:  appears  much  larger  at  e  than  at  g; 
m  other  places,  as  f  or  h,  her  diftances  are  intermediate;  and  confequently  her 
diameters  are  between  the  leaft  and  the  greateft.  Thus  alfo  mercury  is  near- 
eft  to  the  earth,  and  appears  largeft,  when  in  conjunaion  in  his  inferior  femi- 
circle  at  1  ;  as  he  goes  to  1.  his  diftance  from  the  earth  is  greater,  and  his  difk 
appears  lefs  :  at  M  his  diftance  is  greateft  of  all,  and  therefore  the  apparent 

,5  f.69'  ,  ^  S  669.  c  Since  the  apparent  diameters  of  an  objeS  at  different  diltcaaes  are  re¬ 

ciprocally  as  the  diftances,  the  apparent  diameter  of  Venus  in  perigee  is  to  Iter  diameter  in  apogee,  as  „ 
to  3  ;  tire  apparent  diameter  ol  mercury  in  perigee  to  his  diameter  in  apogee  as  14  lo  6.  '  * 


diameter 
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Fig.  diameter  of  his  diik  is  then  leaft.  As  by  the  different  diftances  of  the  inferior 
planets  from  us,  at  different  times,  their  apparent  diameters  are  different; 
fo  the  difference  of  their  apparent  diameters  thews  their  diftances  to  be  dif¬ 
ferent11:  how  the  apparent  diameters  of  the  planets  are  meafuied  will  be 

fliewn  hereafter. 

690  A  common  fpe&ator  may  obferve  an  inferior  planet  alternately  to  ap¬ 
proach  nearer  and  nearer  to  the  fun,  till  it  is  in  conjunction  with  him;  and 
recede  farther  and  farther  from  the  fun,  till  it  is  at  its  greateft  elongation; 
and  this  will  be  firft  on  one  fide  of  the  fun  and  then  on  the  other:  but  it  we 
obferve  the  change  of  the  apparent  place  of  an  inferior  planet  in  the  fphere 
of  the  heaven,  its  dired  motions,  ftations,  and  retrogradations,  and  more¬ 
over  frequently  mealure  its  difk  with  the  micrometer,  we  fhall  find,  by  the 
difference  of  its  apparent  diameter  at  different  times,  that  the  planet  at  fome 
times  comes  nearer  and  nearer  to  us,  and  at  otnei  times  recedes  farther  and 
farther  from  us ;  in  luch  a  manner  that,  taking  the  whole  of  its  apparent 
motion  into  the  account,  its  courfe  round  the  earth  appeals  to  be  in  a  com¬ 
plicated  curve,  which  for  its  refemblance  thereto  may  be  called  a  fpiral : 
and  in  fuch  a  curve  muft  the  real  motion  of  the  planet  be,  to  account  for 
all  its  appearances,  if  the  earth  remained  perpetually  fixed  in  the  fame  place. 

691  The  35th  and  36th  figures,  taken  from  Cajjini b,  fhew  in  what  kind 
of  l'pirals  the  motions  of  venus  and  mercury  muft  be,  upon  this  fuppofition 

3  that  the  earth  does  not  change  her  place:  an  explanation  of  the  35th  figure 
will  be  lufficient  to  make  the  other  eafily  underftood.  The  outermoft  circle 
is  the  ecliptic,  the  earth  0is  in  the  center  of  it,  as  it  always  appears  to  be, 
§  248,  249:  the  fpiral  line  marked  with  the  names  of  the  months  abbrevia¬ 
ted  fhews  the  motion  of  venus,  fuch  as  it  appears  to  an  inhabitant  of  the 
earth,  for  eight  years  fucceflively ;  the  time  for  which  Cajjini  drew  theie 
figures  was  from  the  firft  of January  1608  tojan.  1,  1716:  the  fhort  ftrokes 
crofs  the  fpiral  ftiew  the  places  of  venus  for  the  firft  day,  as  alfo  for  the  10th 
and  20th  day  of  every  month,  during  that  time:  the  months  and  years  are 
fet  down  in  their  proper  places  :  thus  the  fpiral  exhibits  the  dired:  motions, 
ftations  and  retrogradations  of  venus,  with  the  times  of  them:  it  fhews  alfo 
her  neareft  approaches  to  the  earth,  and  her  receding  to  the  greateft  diftances 
from  the  earth,  together  with  her  feveral  intermediate  diftances:  a  thread 
ftretched  from  0  through  any  of  the  places  of  venus  in  the  fpiral  to  the  eclip¬ 
tic  will  ftiew  her  geocentric  longitude  at  that  time;  thus,  the  pointed  line 
0A  fhews  the  longitude  of  venus,  January  1.  1715,  to  be  in  130  of  ~  : 
that  line  appears  to  touch  the  fpiral  for  fome  length  on  each  fide  the  point 

a  §  237,  239,  242.  b  Memoires  d'  Acad.  Royale,  ann.  1709. 
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of  conta<5l,  venus  therefore  then  appeared  flationary:  her  other  flations  are  Fig. 
eafily  feen  by  firetching  a  thread  from  0in  the  fame  manner,  fo  as  to  touch,  3  5 
on  either  fide,  the  curve  that  enclofes  thofe  little  oval  fpaces  marked  a,  b,  c’ 

I  d,  e  :  the  pointed  circle  with  the  names  of  the  months  at  length  fliews  the 
apparent  annual  motion  of  the  fun,  which  is  not  fenfibly  different  in  8  years 
I  Vme:  ky  means  of  this  circle  it  may  be  feen,  for  any  part  of  the  time  here 
ipecified,  which  was  nearefl  to  the  earth  venus  or  the  fun ;  and  how  much 
I  one  was  nearer  to  the  earth  than  the  other:  the  elongations  of  venus  from 
I  the  iun  for  any  part  of  that  time  may  alfo  be  feen  by  the  fame  figure;  if  two 
I  thieads  be  flretched  from  0  to  the  ecliptic,  in  fuch  a  manner  that  one  of  the 
I  threads  may  pafs  over  the  place  of  venus,  the  other  over  the  place  of  the  fun 
at  the  time  given,  the  arc  of  the  ecliptic  between  the  two  threads  fo  flretch¬ 
ed  will  fliew  the  elongation  of  venus  from  the  fun. 


CHAP.  g.  THE  ASPECTS  OF  THE  SUPERIOR  PLANETS  WITH  THE 
I  SUN,  THEIR  APPEARING  DIRECT,  STATIONARY,  RETROGRADE. 

I  692  A  Superior  planet,  going  round  the  fun  in  a  larger  orbit  than  the  earth 
does,  can  only  be  in  conjunction  with  the  fun  when  the  fun  is  between  the 
I  eaith  and  the  planet:  thus,  let  fig.  37  reprefent  the  orbits  of  the  earth  and  of  37 
mars,  if  when  the  earth  is  at  e  mars  be  at  c,  mars  is  in  conjunction  with 
the  fun  ;  for  the  geocentric  place  of  both  is  at  r.  A  fuperior  planet  is  in  op- 
pofition  to  the  fun  when  the  earth  is  between  the  fun  and  the  planet:  thus, 

%•  37’  when  the  eartl1  is  at  e  mars  be  at  a,  he  is  in  oppolition  to  the  fun  ■  27 
for  the  place  of  the  iun  is  T,  the  place  of  mars  si.  A  fuperior  planet  is  in 
quadrature  With  the  fun  when  the  geocentric  place  of  it  is  90°  from  the  geo¬ 
centric  place  of  the  fun  :  thus,  fig.  37,  if  when  the  earth  is  at  f.  mars  belt  q  37 
|  or  he  is  in  quadrature  with  the  fun  ;  for  the  lines  o  f.  and  s  f  form  , 


a  What  is  here  called  the  neareit  femicircle  is  £ 
little  moie  than  half  a  circle  :  the  deficiency  and 
Jupiter  than  in  faturn. 


exceis  are  greater  in  mars  than  in  jupiter,  greater  in 
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Fig.  points  of  contaCt  of  a  line  drawn  from  the  planet  fo  as  to  be  a  tangent  to  the 
38  orbit  of  the  earth,  the  planet  would  be  ftationary:  thus,  fig.  38,  let  the  circle 
abed  be  the  orbit  of  the  earth,  s  the  fun,  efg  an  arc  of  the  orbit  ofjupi- 
ter,  abc  an  arc  of  the  ecliptic,  fuppofe  jupiter  to  continue  at  f  while  the 
earth  goes  round  in  her  orbit  according  to  the  order  of  the  letters  abcd-y  I 
fay  while  the  earth  is  in  the  femicircle  moft  diftant  from  jupiter,  going  from  a 
to  by  from  b  to  c,  his  motion  in  the  heaven  would  appear  direCl ;  from  a  to 
b  from  b  to  c:  but  while  the  earth  is  in  her  neareft  femicircle  cday  the  mo¬ 
tion  of  jupiter  would  appear  retrograde,  from  c  to  b  from  b  to  a:  for  aybycyd 
may  be  coniidered  as  fo  many  feveral  Rations  from  whence  an  inhabitant  of 
the  earth  would  view  jupiter,  at  different  times  of  the  year ;  and  a  fixait  line 
drawn  from  each  of  thefe  Rations  through  f  the  place  of  jupiter,  and  conti¬ 
nued  to  the  ecliptic,  would  fliew  his  apparent  places  there  to  be  fuccefiively 
at  a,  b,  c,  b,  a.  While  the  earth  is  near  the  points  of  contaCt  a  and  c,  jupiter 
would  appear  flationary,  becaufe  the  vifual  ray  drawn  from  the  earth  through 
jupiter  does  not  fenfibly  differ  from  the  tangent  f  a  or  f  c.  When  the  earth 
is  at  by  a  line  drawn  from  b  through  s  and  f  to  the  ecliptic  (hews  jupiter  to 
be  in  conjunction  with  the  fun  at  b:  when  the  earth  is  at  d ,  a  line  drawn  from 
d  through  s  continued  to  the  ecliptic  would  terminate  in  a  point  oppofite  to 
B;  which  flae ws  jupiter  to  be  then  in  oppofition  to  the  fun:  thus  it  appears 
that  jupiter’s  motion  is  direCt  when  he  is  in  conjunction  5  retrograde  when 
in  oppofition. 

694  The  direCt  motion  of  a  fuperior  planet  is  fwifter  the  nearer  it  is  to 
^9  conjunction,  flower  the  nearer  to  quadrature  with  the  fun:  thus,  fig. 39,  let® 

be  the  fun,  the  little  circle  round  it  the  orbit  of  the  earth,  whereof  abed  efg 
is  the  moft  diftant  femicircle,  opQjan  arc  of  the  orbit  of  jupiter,  abcdefg 
an  arc  of  the  ecliptic;  if  we  fuppofe  jupiter  to  ftand  Rill  at  p,  by  the  earth’s 
motion  from  a  to^-,  jupiter  would  appear  to  go  direCt  from  a  to  g,  deferib- 
ing  the  unequal  arcs  ab,  bc,  cd,  de,  ef,  fg,  in  equal  times:  when  the 
earth  is  at  d  jupiter  is  in  conjunction  with  the  fun  at  d,  and  there  his  direCt 
motion  is  fwifteft;  when  the  earth  is  in  the  point  of  contaCt  of  a  line  drawn 
from  jupiter  tangent  to  her  orbit,  as  in  the  points  a  or  g9  jupiter  is  nearly 
in  quadrature  with  the  fun,  and  the  nearer  the  earth  is  to  either  of  thofe  points 
the  flower  is  the  geocentric  motion  of  jupiter :  for  the  arcs  c  d  and  d  e  are 
greater  than  bc  or  ef,  the  arcs  b c  and  e  f  are  greater  than  ab  or  fg. 

695  The  retrograde  motion  of  a  fuperior  planet  is  fwifter  the  nearer  it  is 
to  oppofition,  llower  the  nearer  it  is  to  quadrature  with  the  lun  :  thus,  fig. 
40,  let  ©  be  the  fun,  the  little  circle  round  it  the  orbit  of  the  earth,  where¬ 
of  £  biklmn  is  theneareft  femicircle,  opQjm  arc  of  the  orbit  of  jupiter,  nkg 
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an  arc  of  the  ecliptic:  if  we  fuppofe  jupiter  to  ftand  ftill  at  p,  by  the  earth's  Fi 
motion  from  g  to  *,  jupiter  would  appear  to  go  retrograde  from  g  to  n  de-  40 
fcribmg  the  unequal  arcs  oh,  h  i,  ik,  kl,  lm,  mn  in  equal  times:  when 
the  earth  is  at  k  jupiter  appears  at  k,  in  oppofition  to  the  fun,  and  there  his 
retrograde  motion  is  fwifteft ;  when  the  earth  is  at  either  g  or  -  the  points 
of  con  tad  of  the  tangents  rg  and  p  n,  jupiter  is  nearly  in  quadrature  with  the 
fun;  and  the  nearer  he  is  to  either  of  thofe  points  the  flower  is  hisretrogra- 
dation  :  for  the  arcs  ik  and  ki  are  greater  than  hi  on M,  and  the  arcs 
hi  and  lm  are  greater  than  gh  or  mn.  Since  the  direct  motion  is  fwifteft 
w  en  the  earth  is  at  d,  and  continues  diminifliing  till  it  changes  to  retro-  an 
grade;  near  the  time  ot  change  it  mull  be  infenfible :  in  like  manner  the 
retrograde  motion  being  fwifteft  when  the  earth  is  at  k,  and  diminifliing  40 
gradually  till  it  changes  to  dired,  mult  alfo  at  the  time  of  that  change  be 
infenfible:  for  any  motion  gradually  decreafing  till  it  changes  into  a  contra- 
ry  motion  gradually  increafing  muft  at  the  time  of  the  change  be  infenfible 
696  All  thefe  changes  in  jupiter’s  apparent  motion,  caufed  by  the  earth's' 
going  round  m  her  orbit,  will  happen  in  the  fame  manner  if  we  now  fup¬ 
pofe  jupiter  to  go  on  flowly  in  his  orbit;  only  they  will  every  year  fall  out 
when  the  earth  is  in  different  parts  of  her  orbit,  and  confequendy  at  different 
times  of  the  year:  thus,  fig.  38,  fuppofe  while  the  earth  goes  round  her  38 
orbit  jupiter  goes  from  p  to  o,  the  points  of  the  earth's  orbit  from  whence 
jupiter  muft  be  viewed  to  appear  ftationary  will  now  be  *  and  y;  and  confe! 
quently  his  ftanons  muft  be  at  a  time  of  the  year  different  from  the  former- 
moreover,  the  conjundion  of  jupiter  with  the  fun  will  now  be  when  the' 
earth  is  at/;  and  his  oppofition  when  Are  is  at  c:  and  therefore  thefe  alfo  will 
fall  out  at  different  times  of  the  year  from  thofe  of  the  conjundion  and  oppo- 
fition  immediately  preceding.  As  to  the  other  two  fuperior  planets  faturn's 
motion  is  fo  very  flow,  that  it  alters  but  little  the  tunes  when,  and  confe! 
quently  the  places  where  he  is  in  conjundion,  in  oppofition,  „ 

the  motion  of  mars  is  fo  much  fwifter  than  that  of  jupiter,  that  the  times' 

when,  and  places  where  he  is  in  conjundion,  in  oppofition,  or  ftationary 

are  much  more  changed  thereby  than  the  times  and  places  of  the  fame  an-" 
pearances  are  in  jupiter.  1 

0fhis7mBorionhe  rf  rrJoci^n  ofjnpiter,  arifing  from  the  combination 
of  hts  motion  in  his  orbit  with  the  motion  of  the  earth  in  hers,  is  beft  exem¬ 
plified  by  the  41ft  figure;  where  ©  is  the  fun,  the  circle  12  >  »  &c  is  *be  a 
orbit  of  the  earth,  divided  into  twelve  equal  arcs  for  the  twelve' months  of 

6  year’  PQ-an  arc  of  the  orblt  of  jupiter,  containing  fo  much  as  he  goes 
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■g  through  in  a  year,  divided  into  12  equal  arcs,  each  of  them  fo  much  asju- 
'4  =  uker  ies  through  in  a  month's  time  :  now  fuppofe  the  earth  to  be  at  the 
numeral' figure  t  when  iupiter  is  at  *,  a  line  drawn  from  I  through  „  (hew 
S  Place  in  the  ecliptic  robe  at  a:  in.  a  month's  time  the  earth  will 
be  cot  from  1  to  2,  jupiter  from  a  to  b,  a  line  drawn  fiom  2  t  iroug 
to  the  ec’ip'ic  ihews  his  geocentric  place  to  be  at  B  :  in  another  month  the 

::,h“  c.  3,  » *  1-  <"»  j,  ti  °u 

hi”  Lni*  plL  «  c:  i.  i.  ..fy  .0  go  through  *«  %■«  «' 
manner  and  find  Jupiter’s  geocentric  places,  for  the  reif  of  the  months,  at 
H  F  ’&c :  it  is  eafy  alfo  !o  obferve  Jupiter's  geocentric  motion  to  be  duett 

figure  ihews  likewife  the  inequality  of  the 

“^698  A^upeHor  planet  in  conjLaion  with  the  fun  is  faid  to  be  m“P°Se^ 

_  oppofition  to  the  fun  it  is  faid  to  be  in  perigee:  thus  fig.  37>  when  the 
7  enfth  is  at  E  mars  be  at  c,  he  is  in  apogee ;  if  when  the  earth  is  at  e  ma 
be  a  a  he  is  in  perigee:  the  diftance  of  each  of  the  fuperior  planets  from 
fhe  earth  in  apogee  is  variable,  as  is  alfo  its  perigee  diftance :  the  variation 
of  thefe  diftance!  of  the  fuperior  planets  is  owing  partly  to  the  excentr.cit.es 
of  their  orbits,  and  of  the  orbit  of  the  earth,  and  partly  to  the  motions  ot 
thofe  planets  and  of  the  earth;  by  which  it  comes  to  pa  fs  that  they  are  in 
perigee  or  in  apogee  when  they  are  in  different  parts  of  their  orbits,  as  well 

as  when  the  earth  is  in  different  parts  of  her  orbit.  _ 

699  Since  the  excentricity  of  every  one  of  the  fuperior  pa  nets  >s  greater 
than  the  excentricity  of  the  earth,  §  669,  every  fuperior  planet  will  be  a 
the  leaft  poffible  diftanee  from  the  earth  when  he  is  in  perigee  «  the 
lime  that  he  is  in  his  perihelion;  becatife,  the  earth  being  between  h  lun 
and  a  fuperior  planet  in  perigee,  the  planet  coming  then  neare  ^ 

,7  approaches  the  neareft  to  the  earth  that  ever  he  can  be:  thus  fig.  37, 

mars  is  at  A  in  perihelion  the  earth  be  at  e,  mars  is  in  the  neareft  perigee 
that  is  poffible:  it  is  true,  if  when  mars  is  at  c  the  earth  be  at  F,  mars  is  in 
pericee;  but  the  perigee  diftance  cf  exceeds  the  perigee  diftance  A  e  iomucn 
as  the  difference  between  the  perihelion  and  aphelion  diftances  of  mao  from 
the  fun  amounts  to:  which  in  the  figure  before  us  is  the  fliort  line  ec .  bo. 
the  fame  reafon,  of  their  excentricities  being  greater  than  that  0  > 

every  fuperior  planet  is  at  its  greateft  diftance  from  the  earl-  .C  . 

apogee  at  the  fame  time  that  he  is  in  aphelion  :  becaufe,  t  e  un  eing  .  e 
tween  the  earth  and  a  fuperior  planet  in  apogee,  the  planet  t  en  runn  n 
out  to  the  greateft  diftance  from  the  fun  will  be  at  the  gieate  ance^a^  o 
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from  the  earth  that  ever  he  can  be:  thus,  fig.  37,  if  when  the  earth  is  at  e  Fig- 
mars  be  at  c,  he  is  in  the  moR  diftant  apogee  that  rs  poflible:  indeed  if  when  37 
the  earth  is  at  f  mars  be  at  a,  he  is  then  alfo  in  apogee,  but  the  apogee  di- 
Ranee  fa  is  lefs  than  the  apogee  distance  e  c  by  fo  much  as  the  length  of 
the  line  c c  amounts  to. 

7  00  The  hi  peri  or  planets,  going  round  the  fun  in  larger  orbits  than  our 
earth  does,  are  fometimes  nearer  us  than  at  other  times,  as  was  fliewn  §  698; 
and  confequently  their  apparent  diameters  are  variable:  thus,  fig.  37,  fuppofe 
the  earth  to  be  at  e,  it  mars  be  at  a,  he  is  the  whole  diameter  of  the  earth’s  ** 
orbit  ef  nearer  to  us  than  if  he  were  at  c  ;  and  confequently  his  difk  muR 
appear  much  larger  at  a  than  it  would  if  he  were  at  c  :  in  other  places,  as 
at  qy  b,  p,  q^,  thediRances  of  mars  from  the  earth  at  e  are  intermediate;  and 
confequently  his  apparent  diameters  are  between  the  greateR  and  the  leafi. 

The  diameter  of  the  earth’s  orbit  bears  a  greater  ratio  to  the  diameter  of  the 
orbit  of  mars  than  it  does  to  the  diameter  of  the  orbit  of  jupiter ;  and  a 
greater  ratio  to  the  diameter  of  the  orbit  of  jupiter  than  it  does  to  the  dia¬ 
meter  ot  the  orbit  ol  laturn,  §  619:  and  confequently  the  difference  be¬ 
tween  the  greatefi:  and  leaR  apparent  diameters  is  greater  in  mars  than  in 
jupiter,  greater  in  jupiter  than  in  laturn. 

701  Since  the  apparent  diameters  of  an  objedt  at  different  difiances  are  re-- 
ciprocally  as  the  difiances,  the  apparent  diameter  of  mars  in  perigee  is  to  his 
apparent  diameter  in  apogee  as  25  to  5:  the  apparent  diameter  of  jupiter  in 
perigee  to  his  apparent  diameter  in  apogee  as  62  to  42  :  of  faturn  as  103  to 
85.  See  §  6 19. 

702  Since  the  areas  of  circles  are  as  the  fquares  of  their  diameters,  the  ap¬ 
parent  magnitude  of  the  dilks  of  the  planets  in  perigee  to  their  apparent- 
magnitudes  in  apogee  are  as  followeth. 


of 


Mercury 

Venus 

Mars 

Jupiter 

Saturn 


to  1  nearly,- 


703  What  was  faid  of  the  inferior  planets,  §  690,  is  applicable  alfo  ref 
the  luperior ;  if  we  obferve  the  changes  of  their  apparent  places  in  the  fphere 
of  the  heaven,  their  diredt  motions.  Rations,  and  retrogradations,  and  mea- 
fure  their  dilks  with  the  micrometer,  we  fiiall  find,  by  the  difference  of  their 
apparent  diameters  at  different  times,  that,  taking  the  whole  of  their  appa¬ 
rent 
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Fig.  tent  motion  into  the  account,  their  cotirfes  round  the  earth  appear  to  be  in 
complicated  curves,  which  for  their  refemblance  thereto  may  be  called  fpi- 
rals :  and  in  fuch  curves  mud:  the  real  motions  of  the  fuperior  planets  be, 
to  account  for  all  their  appearances,  if  the  earth  remained  perpetually  fixed 

42  in  the  fame  place:  the  42d  and  43d  figures  fhew  in  what  kind  of  fpirals 

43  the  motion  of  the  fuperior  planets  mud  be,  upon  this  fuppofition  that  the 
earth  does  not  change  her  place :  they  want  no  explanation,  if  what  was 
faid  §  691  be  attended  to. 


CHAP.  10.  THE  GEOCENTRIC  MOTIONS  OF  THE  INFERIOR  AND 
SUPERIOR  PLANETS  FARTHER  EXPLAINED. 

704  The  geocentric  motions  of  the  planets,  both  inferior  and  fuperior, 
being  fome  of  the  mod  difficult  appearances  in  adronomy  to  reprefent  to  the 
imagination,  I  diall  endeavour  to  illudrate  them  farther,  by  the  following 
familiar  examples,  of  fhips  in  motion  upon  the  fea;  premidng  to  each  in¬ 
dance  a  proper  lemma ,  or  general  podtion  taken  from  optics;  lemma  1,  A 
body  moving  along  the  fame  way  with  the  eye,  with  a  velocity  equal  to 
the  velocity  of  the  eye,  will  appear  to  be  at  red  :  thus,  if  two  diips  are  fail¬ 
ing  eadward  in  parallel  lines,  at  the  fame  rate,  to  a  fpedtator  in  one  of  the 
fhips  the  other  diip  will  continually  appear  in  the  fame  dtuation,  and  he  will 
all  along  have  the  fame  view  of  it,  as  if  both  the  fhips  dood  dill.  2  A  body 
moving  the  fame  way  with  the  eye,  with  a  greater  velocity  than  that  of  the 
eye,  will  appear  to  go  forward  the  way  that  it  is  really  carried,  but  with  a 
lefs  velocity  than  if  the  eye  were  at  red:  thus,  if  two  fhips  fail  in  parallel 
lines,  eadward,  with  unequal  velocities,  the  fwifter  diip  will  to  a  fpedtator 
in  the  dower  diip  appear  to  go  eadward,  but  with  a  dower  motion  than  if 
he  dood  upon  land.  3  A  body  moving  along  the  fame  way  with  the  eye, 
with  a  lefs  velocity  than  thac  of  the  eye,  will  appear  to  go  the  contrary  way 
to  what  its  real  motion  is:  thus,  if  two  diips  fail  with  unequal  velocities, 
eadward,  to  a  fpedtator  in  the  fwifter  diip  the  dower  diip  will  appear  to  go 
wedward.  4  If  a  moving  body  be  carried  one  way  and  the  eye  the  contrary 
way,  that  body  will  appear  to  go  the  fame  way  that  its  real  motion  is,  with 
a  greater  velocity  than  if  the  eye  were  at  red  :  thus,  if  two  diips  fail  in  pa¬ 
rallel  lines,  one  eadward,  the  other  wedward,  to  a  fpedlator  in  the  diip  fail¬ 
ing  eadward  the  other  diip  will  appear  to  go  wedward,  with  a  greater  ve¬ 
locity  than  it  would  do  if  he  dood  upon  land.  3  If  a  body  at  red  be  viewed 
by  the  eye  carried  along,  the  body  will  appear  to  move  with  a  velocity  equal 
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to  that  of  the  eye,  but  in  a  contrary  direction :  thus,  to  a  fpeCtator  in  a  fhip  Fig. 

which  fails  eaAward  the  fhore  feems  to  go  weAward,  with  a  velocity  equal 
to  that  of  the  fliip.  ^ 

705  Let  there  be  two  concentric  circles  abed  and  abcd,  fig.  44,  if  there  44 
be  drawn  any  where  through  the  biggeft  circle  a  diameter  as  b  d,  the  femi- 
circles  bed  and  bcd  confidered  together  may  be  called  femicircles  on  the 
fame  fide  \  as  may  alfo  the  femicircles  dab  and  dab.  The  femicircles  dab 
and  b  c  D^rnay  be  called  oppofite ;  as  may  alfo  the  femicircles  deb  and  dab. 

7 °6  If  a  body  be  moved  round  in  one  circle  and  the  eye  be  carried  round 
the  fame  way  in  another  concentric  circle,  when  the  eye  and  the  moving 
body  are  in  the  femicircles  on  the  fame  fide,  they  may  be  confidered  as  both 
going  in  parallel  lines,  in  the  fame  direction  ;  but  when  the  eye  and  the  mo¬ 
ving  body  are  in  oppofite  femicircles,  they  may  be  confidered  as  going  in 
parallel  lines,  in  contrary  directions:  thus,  fuppofe  fig.  45  to  drew  the  points  45 
of  the  compafs,  the  flower  de  luce  being  the  north  point,  if  two  {flips  fail 
round  in  the  concentric  circles  abed  &c.  and  abcd  &c,  fig-  46?  according  4^. 
to  the  order  of  the  letters,  while  the  {hips  are  in  the  femicircles,  abedefg 
and  ofm,  they  may  be  confidered  as  both  going  in  parallel  lines  pc^and  rs, 
eastward ;  while  they  are  in  the  femicircles ghiklmn  and  mno,  as  going  both 
in  parallel  lines  qj*  and  sr,  weftward:  when  the  two  {hips  are  in  oppofite 
lemicii  cles,  tney  may  be  confidered  as  going  in  parallel  lines,  one  eaflward 
the  other  weflward:  it  mufi  be  here  obferved,  that  equable  circular  motion 
thus  reduced  to  rectilinear  will  appear  unequable,  as  in  the  figure  before  us? 
by  §  262.  See  fig.  148  of  the  introduction. 

707  If  we  fuppofe  the  velocities  of  the  two  {hips  failing  in  thefe  concen¬ 
tric  circles  to  be  unequal,  and  the  {hip  which  fails  in  the  leaA  circle  a  be  &c. 
to  be  the  fwifter  of  the  two,  we  {hall  have  all  the  variety  of  appearances  4 
which  are  mentioned  §  704,  of  {hips  failing  in  parallel  lines:  thus,  fuppofe 
one  fhip  at  a  the  other  at  a,  and  that  whilA  one  goes  from  a  to  b  the  other 
goes  from  a  to  b,  to  a  fpeCtator  in  either  of  them  the  other  {hip  would  ap¬ 
pear  to  A  and  Aill,  by  lemma  i;  becaufe,  as  to  appearance,  they  are  both 
carried  eaAward  with  equal  velocities,  in  the  parallel  lines  Poland  rs  :  the 
like  appearance  will  again  happen,  when  one  {hip  goes  from  /  to  g  in  the 
fame  time  that  the  other  goes  from  k  to  l  ;  becaufe  there  alfo  they  appear  to 
advance  with  equal  velocities  eaAward,  in  the  lines  pqjmd  rs. 

708  The  fame  fuppofitions  of  the  motions  of  the  {hips  being  made,  fince 
whilA  the  flfip  in  the  lefs  circle  goes  from  b  to  c  from  c  to  d  the  {hip  in  the  46 
greater  circle  goes  from  b  to  c  from  c  to  d,  &c,  it  is  plain  the  two  {hips  are 
both  carried  eaAward  with  unequal  velocities ;  and  therefore  to.  a  fpeCtator 
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■,o.  carried  in  the  flower  (hip  from  b  to  c  from  c  to  p  the  other  ihip  will  ap- 
46  pear  to  be  carried  eaftward,  but  more  flowly  than  if  he  flood  upon  land,  y 
lemma  2  :  to  a  fpeftator  in  the  fwifter  (hip  who  is  earned  from  b  to  c  from 
c  to  A  the  other  (hip  being  carried  really  eaftward  from  c  to  D  fiom  D  to  s 
will  appear  to  go  weftward,  by  lemma  3  :  if  the  fhips  are  in  opposite  iemi- 
circles,  as  if  whilft  one  is  going  from  b  to  c,  from  c  to  D,  the  other  is  go- 
in<r  from  h  to  /,  from  *  to  k,  to  a  fpeftator  in  the  (hip  going  eaftward  the 
'  other  (hip  will  appear  to  go  weftward,  with  greater  velocity  than  if  he  ftoo 

1  too  what  has  been  laid  of  two  (hips  failing  in  concentric  circles  will  help 
the'  imagination,  in  conceiving  the  geocentric  motion  of  the  planets;  to  w- 
46  fiance  firft  in  one  of  the  inferior  planets,  let  fig.  46  represent  the  orbits  01 
‘  the  earth  and  of  venus,  wherein  they  are  carried  perpetually  round,  accord¬ 
ing-  to  the  order  of  the  letters,  with  different  velocities,  venus  going  round 
the  circle  abed  &c.  in  much  lefs  time  than  the  earth  does  in  the  circle 
ab CD  dec,  §  670:  whilft  the  earth  is  in  any  part  of  the  femicircle  ofm 
we  may  confider  her  motion  as  in  the  line  rs,  in  the  diredion  from  r  to  s  j 
if  venus  be  then  any  where  in  her  inferior  femicircle,  or  that  on  the  fame 
fide  abode fg,  her  motion  may  be  confidered  as  in  the  line  PQo  in  the  direc¬ 
tion  from  p  to  Qi  here,  fince  the  circular  motions  of  venus  and  the  earth  re¬ 
duced  to  rectilinear  are  in  the  fame  directions,  contrary  to  the  way  that  the 
arrows  in  the  figure  point,  which  diredion  referred  to  the  ecliptic  and  view¬ 
ed  from  the  earth  fituated  in  or  near  f  is  from  «  towards  r ,  contrary  to  the 
order  of  the  figns,  venus  will  appear  retrograde,  but  with  a  fiower  motion 

than  if  the  earth  ftood  ft  ill,  by  §  704,  lemma  2. 

46  710  If  while  the  earth  is  going  along  any  of  the  arcs  ab,  b  c,  cd,  de, 

ef  &c,  venus  be  in  her  fuperior  or  oppofite  femicircl egbiklma,  her  motion 
reduced  to  redilinear  is  now  from  oj:o  p,  contrary  to  the  diredion  of  the 
earth’s  motion,  and  therefore,  by  lemma  3,  venus  will  appear  to  go  in  the 
diredion  qj>,  according  to  the  pointing  of  the  arrows,  and  fwifter  than  if  the 
earth  from  whence  the  is  viewed  were  at  reft :  the  apparent  motion  of  venus 
in  this  cafe  referred  to  the  ecliptic  is  from  V'  towards  0,  accoiding  to  the 


order  of  the  figns.  ,  ,  .  , 

7 1 1  If  venus  be  near  the  point  of  contad  of  a  tangent  to  hei  01  bit  drawn 

from  the  earth,  her  motion  does  not  carry  her  forward  in  the  fame  direc¬ 
tion  with  the  earth  nor  in  a  contrary  diredion;  but  only  brings  her  nearer 
to,  or  carries  her  farther  from  the  earth  :  venus  may  at  thofe  times  he  con¬ 
sidered  as  at  reft,  and  therefore  if  fhe  be  then  viewed  from  the  earth  fhe  will 
appear  to  go  in  a  diredion  contrary  to  that  of  the  .earth,  by  lemma  5:  thus, 
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if  while  venus  is  near  the  point  a  the  earth  be  at  a,  the  motion  of  the  earth  Fig. 
from  a  to  b  will  make  venus  appear  to  go  in  a  contrary  direction,  which  in  46 
the  ecliptic  will  be  from  'd  towards  n  ;  the  like  appearance  of  venus  will 
happen,  if  when  venus  is  nt'g  the  earth  be  at  l. 

712  If  when  venus  is  at  a  the  earth  be  at  a,  and  venus  goes  from  a  to  b  46 
in  the  fame  time  the  earth  goes  from  a  to  b,  venus  and  the  earth  appear  to 

be  carried  in  the  fame  direction,  with  equal  velocities;  venus  will  therefore 
appear  fationary ,  by  lemma  1 :  by  the  fame  lemma,  venus  will  have  the 
like  appearance,  if  while  die  is  going  from  f  to  g  the  earth  be  going  from 
k  to  L. 

713  Since  when  venus  is  at  her  utmoft  eaftern  elongation  going  into  her 
inferior  femicircle  her  apparent  motion  in  the  fame  direction  as  the  earth’s 
is  as  nothing,  §  706,  and  from  thence  increafes  till  fhe  comes  into  conjun¬ 
ction  with  the  fun,  where  the  is  carried  with  her  greateft  velocity  in  the  fame 
direction  as  the  earth  is ;  there  muft  be  an  intermediate  place  wherein  the 
motion  of  venus  thus  increafing  comes  to  equal  the  motion  of  the  earth,  and 
confequently  where  the  appears  Jlationary ;  as  when  venus  goes  from  a  to  b  46 
while  the  earth  goes  from  a  to  b  :  again,  fince  the  motion  of  venus  is  fwift- 
efl  at  her  inferior  conjunction,  in  the  fame  direction  with  the  earth’s  motion, 
and  from  thence  decreales  till  venus  is  at  her  utmoft  weftern  elongation, 
where  it  is  again  as  nothing ;  there  muft  be  fome  intermediate  place  as  f\ 
where  the  motion  of  venus  thus  decreafing  comes  to  be  equal  to  the  earth’s 
motion :  as  when  venus  is  at  f  the  earth  at  k,  and  venus  goes  through  the 
wcfg  whilft  the  earth  goes  through  the  arc  kl.  Thus  we  fee  one  Ration  of 
venus  is  a  little  after  her  utmoft  eaftern  elongation,  when  fhe  begins  to  be 
retrograde;  the  other  a  little  before  her  utmoft  weftern  elongation,  when  fhe 
begins  to  be  direCt:  as  was  faid  §  687. 

•714  Since  the  times  of  the  conjunctions ,  utmoft  elongations^  direct  or  retro¬ 
grade  motions  as  alfo  of  the  fations  oj  the  inferior  planets  depend  upon  the 
combinations  of  their  motions  in  their  orbits  with  the  motion  of  the  earth 
in  her  orbit;  any  of  thefe  appearances  will  be  more  frequent  in  mercury  than 
in  venus :  becaufe  mercury,  going  with  a  fwifter  motion  through  his  orbit 
than  venus,  will  in  any  given  time  pafs  more  frequently  than  venus  through 
the  places  where  he  is  in  conjunction,  utmoft  elongation,  direCt,  retrograde, 
ftationary.  How  to  find  the  time  when  an  inferior  planet  will  come  again 
into  a  given  fituation  with  refpeCt  to  the  fun  and  the  earth,  may  be  feen  by 
the  following  examples;  let  fig.  47  reprefent  the  orbits  of  venus  and  the  earth,  47 
let  the  earth  be  at  e  venus  at  v,  venus  is  then  in  her  inferior  conjunction 
with  the  fun  in  r  :  from  the  fun  s  venus  and  the  earth  would  appear  in  con- 
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Fig.  junction  in  £  :  let  venus  go  round  her  orbit  and  return  to  v,  the  earth,  ta- 
47  king  longer  time  to  go  round  the  fun  than  venus,  will  in  the  mean  time  go 
from  e  through  only  a  part  of  her  orbit,  and  venus  muft  overtake  the  earth 
before  fhe  can  have  another  inferior  conjunction,  that  is  die  muft,  befides  an 
entire  revolution  in  her  orbit,  which  is  equal  to  four  right  angles,  §  42,  go 
through  as  much  more  angular  motion  round  the  fun  as  the  earth  has  done 
in  the  mean  time,  fo  as  to  be  in  a  right  line  drawn  between  the  fun  and 
the  earth  ;  fuppofe  this  to  happen  when  the  earth  is  got  to  f  and  venus 
to  t  :  the  angular  motions  of  the  earth  and  venus  performed  in  the  fame 
time  are  reciprocally  as  their  periodical  times:  and  therefore  as  the  perio¬ 
dical  time  of  the  earth  is  to  the  periodical  time  of  venus,  fo  is  the  angular 
motion  of  venus,  which  is  equal  to  four  right  angles  added  to  the  angu¬ 
lar  motion  of  the  earth  in  the  time  between  two  like  conjunctions  of  ve¬ 
nus,  to  the  angular  motion  of  the  earth  in  the  fame  time}  and  therefore,  by 
divifion  of  proportion a,  as  the  difference  between  the  periodical  times  of  ve¬ 
nus  and  the  earth  is  to  the  periodical  time  of  venus,  fo  are  four  right  angles 
or  360  degrees  to  a  fourth  quantity,  namely  to  the  angular  motion  or  num¬ 
ber  of  degrees  which  the  earth  goes  in  her  orbit  from  the  time  of  one  con¬ 
junction  of  venus  to  the  next  conjunction  of  the  fame  kind:  now  the  perio¬ 
dical  time  of  the  earth  is  365  days  6  hours,  or  8766  hours:  the  period  of 
venus  224  days  16  hours,  or  5392  hours:  the  difference  is  3374  hours:  fay 
then,  as  3374  is  to  5392,  fo  are  four  right  angles  or  360  degrees  to  a  fourth 
number,  which  will  come  out  575° :  this  number  of  degrees  the  earth  goes 
through  in  a  year  and  218  days:  if  therefore  venus  were  this  day  in  an  infe¬ 
rior  conjunction,  it  would  be  a  year  and  218  days  before  fhe  came  again  into 
another  inferior  conjunction  :  and  this  alteration  of  the  time  occafions  a  pro- 
ortionable  change  in  the  place,  fo  that  if  one  conjunction  be  in  f  the  next 
like  conjunction  will  be  in  in.  -  —  The  time  between  any  fituation  of  mercury 
with  refpeCt  to  the  fun  and  the  earth  and  another  like  fituation  may  be  found 
by  the  fame  method:  the  periodical  time  of  the  earth  is  8766  hours:  the  pe¬ 
riod  of  mercury  87  days  23  hours,  or  21 11  hours:  the  difference  6655 
hours:  fay  then,  as  6653  hours  is  to  21 1 1,  fo  are  four  right  angles  or  360° 
to  a  fourth  number,  which  comes  out  1140:  this  number  of  degrees  the 
earth  goes  through  in  1 1 6  days  :  if  therefore  mercury  were  to  be  this  day 
in  his  inferior  conjunction,  it  would  be  1 16  days  before  he  would  be  again 
in  a  like  conjunction  b. 

•715  This  problem  is  commonly  refolved  by  aftronomers  in  another  man¬ 
ner}  for  they  compute  the  diurnal  heliocentric  motions  of  venus  and  of  the 

a  Euclid,  e/cm.  1.  5  prop.  17.  b  See  Keii's  ajironomy ,  led  are  15. 
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earth ;  the  difference  of  thefe  motions  is  the  diurnal  motion  of  venus  from  Fig. 
the  earth,  or  the  quantity  by  which  venus  would  be  feen  to  recede  from  the 
earth  every  day  by  a  fpeCtator  placed  in  the  fun  :  thus  the  middle  motion  of 
the  earth  is  every  day  about  59  minutes  and  8  feconds;  the  middle  motion 
of  venus  in  a  day  is  1  degree  36  minutes  and  8  feconds,  the  difference  is  37 
minutes:  fay  therefore  as  37  minutes  is  to  360  degrees,  or  to  21600  mi¬ 
nutes,  fo  is  one  day  to  the  fpace  of  time  wherein  venus  having  left  the  earth 
recedes  from  her  360  degrees;  that  is,  to  the  time  in  which  fhe  returns  to 
the  earth  again,  or  the  time  between  two  conjunctions  of  the  fame  kind:  this 
will  be  found  to  be  about  583  days,  as  before  §  714  a. 

•716  Thefe  times  are  here  computed  according  to  the  middle  motions  of 
the  planets,  fuppofing  them  to  move  always  equably,  this  is  therefore  cal¬ 
led  a  mean  conjunction  :  but  becaufe  venus  and  the  earth  are  really  carried  in 
elliptic  orbits,  in  which  their  motions  are  conffantly  variable,  fometimes  fa¬ 
lter,  and  fometimes  flower;  it  may  be,  that  the  true  conjunction  fhall  hap¬ 
pen  fome  few  days  fooner  or  later  than  by  this  computation.  ‘ The  time  of 
the  true  conjunction  is  to  be  computed  from  the  time  of  the  mean  conjunc¬ 
tion  in  this  manner:  find  by  aftronomical  tables  the  true  places  of  the  earth 
and  venus  in  the  ecliptic ;  from  whence  we  fhall  have  the  diftance  of  the 
earth  and  venus  feen  from  the  fun :  compute  alfo  for  the  fame  time  the  an¬ 
gular  motions  of  thefe  two  planets  for  any  given  time;  fuppofe  6  hours; 
the  difference  of  thefe  two  motions  will  give  the  accefs  of  venus  to  the  earth, 
or  her  recefs  from  it  in  6  hours :  then  fay,  as  this  difference  is  to  the  arc  be¬ 
tween  the  places  of  venus  and  the  earth  at  the  time  of  the  mean  conjunction, 
fo  is  6  hours  to  the  time  between  the  mean  conjunction  and  the  true;  this 
time  added  to,  or  lubtraCted  from  the  time  of  the  mean  conjunction,  ac¬ 
cording  as  venus  is  in  antecedence  or  confequence  from  the  earth,  fhews  the 
time  of  their  true  conjunction  b. 

717  If  we  would  apply  what  was  faid  in  the  beginning  of  this  chapter  to 
the  geocentric  motions  oj  the  fuperior  planets,  we  may  make  ufe  of  the  46th  fi-  46' 
gure  in  the  following  manner:  fuppofe  ahede  See.  to  be  the  orbit  of  the  earth 
and  abcde  &c.  to  be  the  orbit  of  mars ;  when  the  earth  and  mars  are  in 
femicircles  on  the  fame  fide,  as  when  the  earth  is  going  jn  the  femicircle 
abcde  while  mars  is  going  in  the  femicircle  ofm,  the  earth  and  mars 
may  be  con  fide  red  as  going  in  the  fame  direction,  the  earth  in  the  direction- 
p  q  ,  mars  in  the  direction  r  s  ;  but  the  earth  being  carried  with  greater  ve¬ 
locity  than  mars,  to  a  lpeCtator  upon  the  earth  mars  will,  by  lemma  2,  ap¬ 
pear  to  go  in  the  direction  s  r,  contrary  to  his  true  direction,  which  refer? 

a  Keil\f  ajironomy,  letlure  15.  b  Keil.  ibid. 
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Fig.  red  to  the  ecliptic  is  retrograde:  when  the  earth  and  mars  are  in  oppofite 
femicircles,  as  when  the  earth  is  in  the  femicircle  ghi kltna  while  mars  is 
in  the  femicircle  ofm,  the  earth  and  mars  are  carried  in  conti ary  dilec¬ 
tions  ;  mars  will  therefore,  by  lemma  3,  appear  then  to  be  carried  the  way 
he  really  goes,  which  referred  to  the  ecliptic  is  diredt:  and  he  will  appear  to 
go  falter  than  if  the  earth  were  at  reft. 

718  The  (lations  of  the  fuperior  planets  may  alfo  be  explained  by  the  34th 
34  figure,  which  was  made  ufe  of,  §  687,  for  the  inferior  planets,  premi- 
fing  as  was  there  done,  that  parallel  lines  which  are  not  at  a  greater  diftance 
from  one  another  than  the  diameter  of  the  earth’s  orbit  terminate,  as  to  ap¬ 
pearance,  in  the  fame  point  of  the  fphere  of  the  heaven:  let  the  two  circles 
fig.  34,  now  reprefent  the  orbits  of  mars  and  of  the  earth,  let  the  lines  ae, 
bf,  cg,  dh,  be  parallel  tosp;  I  fay,  they  will  all,  if  continued,  terminate 
in  the  fame  point  of  the  heaven,  as  to  lenfe,  as  the  line  sp  would  do:  now 
fuppofe  mars  at  a  when  the  earth  is  at  e,  the  vifual  ray  by  which  mars  is 
feen  is  e  A;  fuppofe  while  mars  goes  from  a  to  b  the  earth  goes  from  e  to 
f,  the  vifual  ray  in  which  mars  is  now  feen  is  fbj  parallel  to  ea;  and  there¬ 
fore  mars  will  be  all  that  time  ftationary,  appearing  in  that  point  of  the 
heaven  where  s  p  extended  would  terminate :  this  ftation  of  mars  is  at  his 
changing  from  retrograde  to  diredt:  again,  fuppofe  when  mars  is  at  c  the 
earth  is  at  g,  the  vifual  line  is  gc;  if  while  the  earth  goes  from  g  to  h, 
mars  goes  from  c  to  d,  he  will  be  ftationary,  appearing  in  that  point  where 
a  line  drawn  from  p  through  s  extended  to  the  heaven  would  terminate :  this 
ftation  of  mars  is  at  his  changing  from  diredt  to  retrograde. 

719  Since  the  times  of  the  conjun5lio?is ,  oppofitions ,  dirchl  and  retrograde 
motions ,  as  alfo  of  the  ftations  of  the  Juperior  planets  depend  upon  the  com¬ 
binations  of  their  motions  in  their  orbits  with  the  motion  of  the  earth 
in  her  orbit ;  any  of  thefe  appearances  will  be  more  frequent  in  laturn  than 
in  jupiter,  in  jupiter  than  in  mars :  becaufe,  the  flower  the  motion  of  the 
planet  is,  the  fooner  will  the  earth  overtake  it,  fo  as  to  have  it  again  in 
any  given  fituation:  thus,  fuppofe  faturn  to  be  in  conjundtion  with  the  fun 
in  r,  if  faturn  were  to  ftand  ftill,  in  one  revolution  of  the  earth,  that  is  in 
one  year,  faturn  would  be  again  in  conjundtion  in  v ;  but  as  faturn  goes  on 
flowly  according  to  the  order  of  the  figns,  at  the  rate  of  about  twelve  de¬ 
grees  in  a  year,  §  620,  the  earth  muft  go  through  almoft  thirteen  degrees  more 
than  an  entire  revolution,  fo  that  there  will  be  a  year  and  about  thirteen  days, 
between  any  conjundtion  of  faturn  with  the  fun  and  the  conjundtion  imme¬ 
diately  following:  as  jupiter  goes  fafter  in  his  orbit  than  faturn,  the  earth 
in  going  from  one  conjundtion  of  jupiter  to  another  muft  have  a  proportio- 
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nably  longer  time  added  to  the  year  :  the  motion  of  mars  being  (dill  fwifter 
than  that  ofjupiter,  the  time  mull  be  flill  longer  between  any  two  conjunc¬ 
tions  immediately  following  one  another. 

•720  The  time  when  a  fuperior  planet  will  come  again  into  a  given  litu- 
ation  with  refpeCt  to  the  fun  and  the  earth,  may  be  found  by  the  methods  be¬ 
fore  ufed  for  the  inferior  planets,  §  715:  thus,  the  mean  diurnal  motion  ot 
the  earth  is  about  59  minutes  and  8  feconds;  the  mean  motion  of  faturn 
in  a  day  is  2  minutes,  the  difference  is  57  minutes  8  feconds:  fay  therefore 
as  57  minutes  8  feconds  is  to  360  degrees,  or  to  21600  minutes,  fo  is  one 
day  to  the  fpace  of  time  wherein  the  earth  having  left  faturn  reeedes  from 
him  360  degrees,  that  is,  to  the  time  wherein  die  returns  to  faturn  again, 
or  the  time  between  two  conjunctions,  oppofitions,  or  other  like  afpe&s  &c: 
this  time  will  be  found  to  be  378  days,  or  1  year  and  13  days;  fo  that  it 
faturn  were  to  be  in  oppof  tion  to  the  fun  this  day,  it  would  be  a  year  and 
13  days  before  he  would  be  again  in  oppofition. — 'The  middle  motion  of 
jupiter  in  a  day  is  4  minutes  59  feconds;  the  difference  between  this  and  the 
earth’s  diurnal  motion  is  54  minutes  and  9  feconds*:  fay  then  as  54  minutes 
9  feconds  is  to  360  degrees,  or  to  21600  minutes,  fo  is  one  day  to  the  fpace 
of  time  wherein  the  earth  having  left  jupiter  recedes  from  him  360  degreesy 
that  is,  to  the  time  wherein  fhe  returns  to  jupiter  again,  this  time  will  be 
found  to  be  398  days,  or  1  year  and  33  days;,  fo  that  if  jupiter  were  to  be  in 
oppofition  to  the  fun  this  day,  it  would  be  a  year  and  33  days  before  he 
would  be  again  in  oppofition.— -The  middle  motion  of  mars  in  a  day  is  3  1 
minutes  27  feconds ;  the  difference  between  this  and  the  earth’s  diurnal  mo¬ 
tion  is  27  minutes  41  feconds :  fay  then  as  27  minutes  41  feconds  is  to  360 
degrees  or  to  2  1600  minutes,  fo  is  one  day  to  the  fpace  of  time  wherein  the 
earth  having  left  mars  recedes  from  him  360  degrees,  that  is  to  the  time 
wherein  die  returns  to  him  again,  this  time  will  be  found  780  days,,  or  2 
years  and  50  days^  fo  that  if  mars  were  to  be  in  oppolition  to-  the  fun  this 
day,  it  would  be  2  years  and  50  days  before  he  would  be  again  in  oppolition 
to  him.  The  true  conjunctions  &c.  may  be  found  from  the  mean,  as  §  716.. 

721  Since  the  planets  are  all  nearer  to  us  than  the  fixt  liars,  they  may 
l'ometimes  come  between  us  and  fome  of  thole  liars  which  lie  near  their  he¬ 
liocentric  orbits :  feveral  fuch  occultations  of  fixt  fiars  by  the  planets  are  re¬ 
corded  by  allronomers  both  ancient  and  modern:  an  inferior  planet  may  alio 
fometimes  pafs  between  us  and  a  fuperior  planet,  and  cover  it  for  a  little 
while:  but  thefe  appearances  are  very  rare.  Arifiot.  fneteor.  /.  1.  c.  16. 
Ptolejn.  almagefi.  /.  10.  c.  4  6?  9.  /.  1 1.  c.  3.  Kepler .  afiron.  part .  optic,  p > 
304.  Streete  afironomia  Carolina  p.  107.  Riccioh  /.  7 .  c.  xo> 
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CHAP.  II.  THAT  THE  PLANETS  ARE  OPAKE  BODIES  AND  BORROW 

ALL  THEIR  LIGHT  FROM  THE  SUN. 

722  The  planets  are  globular  opake  rough  bodies  which  receive  all  their 
light  from  the  fun  :  it  is  owing  to  the  roughnefs  of  the  furfaces  of  the  pla¬ 
nets  that  they  reded  light  to  us  from  every  part  in  the  manner  they  do ;  op¬ 
tical  writers  (hew  that  the  image  of  any  objed  refleded  from  a  globular  fpe- 
culum  or  looking-glafs  is  diminifhed  more  and  more,  the  greater  the  diftance 
of  the  eye  is  from  the  fpeculum:  if  therefore  the  furfaces  of  the  planets  were 
fmooth  and  polifhed  they  would  be  invisible  to  us,  the  image  of  the  fun  re¬ 
fleded  by  any  of  them  would  be  too  fmall  to  ftrike  our  eye  fenfibly,  or  if  it 
did  it  would  appear  only  a  lucid  point:  whereas  now  their  diameters  are  of 
a  fenfible  magnitude,  becaufe,  their  furfaces  being  rough,  every  point  of  that 
hemifphere  which  is  enlightened  by  the  fun  refleds  light  every  way,  §  223  ; 
and  confequently  makes  the  body  of  the  planet  vifible  in  its  proper  dimen- 
flons.  What  I  have  now  faid  may  be  illuftrated  by  the  following  experiment, 
place  a  filver  globe  perfedly  polifhed  of  about  2  inches  diameter  in  the  fun, 
die  rays  which  fall  thereon  being  refleded  varioufly  according  to  their  fe- 
veral  incidences  upon  the  convex  furface,  we  fhall  have  them  come  to  our 
eye  only  from  one  point  of  the  globe,  which  will  therefore  appear  a  fmall 
bright  fpot,  but  the  reft  of  its  furface  will  appear  dark;  let  this  globe  be 
boyled  in  the  liquor  made  ufe  of  to  whiten  filver,  and  placed  in  the  fun,  and 
it  will  then  appear  of  its  full  dimenfions  all  over  white  or  luminous :  for 
the  effed  of  that  liquor  is  to  take  off  the  fmoothnefs  of  the  polifh,  and  make 
the  furface  rough,  fo  that  every  point  of  it  (hall  refled  the  rays  of  light  of 
every  kind  every  way. 

723  Every  planet  has  one  half  of  its  furface  illuminated;  this  illuminated 
hemifphere  is  always  that  which  is  turned  towards  the  fun,  the  other  hemi¬ 
fphere  of  the  planet  is  dark:  if  we  would  fpeak  accurately  the  lun,  being  lar¬ 
ger  than  any  of  the  planets,  illuminates  a  little  more  than  half  of  every  planet: 
thus,  in  fig.  136  of  the  introdudion,  let  abcd  be  the  fun,  efgi  a  planet, 
the  illuminated  part  eig  will  be  a  little  bigger  than  efg  ;  but  this  diffe¬ 
rence  between  the  enlightened  and  the  obfcure  part  is  infenfible,  becaule  the 
diftance  of  the  fun  from  any  of  the  planets  is  fo  great  that  his  light  may  be 
confidered  as  coming  to  them  in  lines  phyfically  parallel,  having  the  lame 
effeds  as  if  it  came  in  lines  exadly  parallel. 

724  The  inferior  planets ,  going  round  the  fun  in  lefs  orbits  than  our 
e^rth  does,  will  fometimes  have  more  fometimes  lefs  of  their  illuminated  hemi- 
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fpheres  turned  towards  us,  and  confequently,  fince  the  illuminated  part  only  Fig* 
is  vifible  to  us,  through  a  good  telefcope  they  will  appear  to  go  through  all  the 
changes  which  we  fee  in  the  moon ,  being  fometimes  horned  like  the  new 
moon,  like  a  half-moon,  like  the  moon  nearer  the  full  &c:  the  48th  figure 
reprefents  the  orbits  of  mercury,  venus  and  the  earth,  with  the  fun  in  the 
the  center  of  them;  the  planets  mercury  and  venus  are  drawn  in  eight  different 
fituations,  with  their  illuminated  hemifpheres  towards  the  fun ;  if  we  fup- 
pofe  the  earth  to  be  all  the  while  at  t,  when  venus  is  at  a  her  dark  hemi-  4^ 
lphere  is  towards  the  earth,  and  fhe  is  therefore  in  vifible,  except  this  con¬ 
junction  happens  in  her  node,  for  then  die  appears  like  a  dark  fpot  upon  the 
difk  of  the  fun,  as  has  been  already  faid  §681:  when  venus  is  at  b  a  little 
of  her  enlightened  hemiiphere  is  turned  towards  the  earth,  and  therefore  fhe 
appears  fharp  horned:  when  fhe  is  at  c  about  hall  her  enlightened  hemi-* 
lphere  is  towards  our  earth,  and  fhe  appears  like  an  half  moon :  at  d  more 
than  half  her  enlightened  hemifphere  is  towards  the  earth,  and  die  appears 
like  the  moon  about  3  days  before  die  is  at  the  full:  at  e  the  whole  enlighten- 
ened  hemifphere  is  towards  the  earth,  venus  is  then  either  behind  the  fun 
or  fo  very  near  him  that  die  can  hardly  be  feen,  but  if  fhe  could  die  would 
appear  round,  like  the  full  moon  :  at  f  venus  will  appear  like  the  moon  a- 
bout  3  days  after  the  full:  at  g  like  a  half  moon  again:  at  h  diarp  horn¬ 
ed  again,  but  the  points  of  the  horns  are  turned  the  contrary  way  to  what 
they  were  in  b:  all  this  is  applicable  to  mercury.  The  49th  figure  exhibits  49 
the  appearances  of  venus  and  mercury  correfponding  to  their  feveral  fitua¬ 
tions  in  the  48th  figure;  thus  when  venus  is  at  a  in  fig.  48th,  die  is  quite  48 
dark,  as  at  a  in  fig.  49  :  when  die  is  at  b  in  fig.  48,  fhe  appears  as  at  B  fig.  49 
49,  &c:  fo  when  mercury  is  at  a  fig.  48,  he  appears  as  at  a  fig.  49,  &c:  fig. 

50  exhibits  feveral  views  of  mercury  and  venus  a  (dually  taken  with  the  te-  30 
lefcope,  and  delineated  by  the  accurate  H eve lius :  felenograph.  p,  7 o„ 

72 5  The  inferior  planets  appearing  with  the  feveral  phafes  of  the  moofr 
is  a  proof  of  their  going  round  the  fun  in  lefs  orbits  than  our  earth  does : 
when  Copernicus  firfl  publifhed  his  account  of  the  folar  fyftem,  it  was  ob¬ 
jected  to  him  that  it  could  not  be  true,  becaufe  if  it  were  the  inferior  planets 
mult  have  different  phafes,  according  to  their  different  fituations'  with  refpeCt 
to  the  fun  and  the  earth;  whereas  they  always  appear  round  to  us:  the  an- 
fwer  made  by  him  was,  that  they  appear  round  to  the  eye  by  reafon  of  the 
great  diftance,  but  that,  if  we  could  have  a  nearer  and  more  diftinCt  view, 
we  fhould  fee  in  them  the  fame  variety  of  fhapes  as  we  do  in  the  moon:  the 
telefcope  invented  fince  the  death  of  Copernicus  has  verified  this  folution  of 
the  objection,  to  the  fatisfaCtion  of  every  body.  The  diflance  of  objects,  e- 

fpecially 
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Fig.  fpecia'ily  fuch  as  are  luminous,  hinders  us  from  feeing  their  true  fhapesj  the 
flame  of  a  torch  or  a  candle,  though  really  of  a  conic  figure,  has  at  a  di- 
ilance  the  round  appearance  of  a  flar  or  planet. 

726  Tfhe  fuperior  planets ,  going  round  the  fun  in  larger  orbits  than  our 
earth  does,  always  turn  much  the  greatefl  part  of  their  enlightened  hemi- 
fpheres  towards  the  earths  and  therefore  appear  round  like  the  full  moon , 
except  mars  who  fometimes  appears  like  the  moon  at  a  little  difiance  from 
the  full,  and  in  quadrature  almofl  bifeCted  ;  according  to  Hevelius a,  from 

51  whom  the  piClure  of  mars  fig.  51  is  taken.  For  when  mars  is  in  quadrature 

37  as  at  q  or  q^,  fig.  37,  a  good  deal  of  his  dark  hemifphere  is  towards  the 
earth  at  e:  when  mars  is  in  conjunction  at  c,  or  in  oppofition  at  a,  his 
whole  enlightened  hemifphere  is  towards  the  earth  ;  and  therefore  he  muff 
in  both  thole  cafes  appear  exaClly  round :  in  other  flotations,  which  are  at 
any  diftance  from  being  in  quadrature,  as  at  b  and  d,  there  is  fo  little  of  the 
dark  hemifphere  of  mars  towards  the  earth  that  he  wants  very  little  of  ap¬ 
pearing  round.  The  orbit  of  the  earth  is  fo  fmall  in  comparison  of  the  or¬ 
bits  of  jupiter  and  faturn,  that  they  turn  very  nearly  the  fame  hemifpheres 
towards  us  as  they  do  towards  the  fun  ;  for  which  reafon  thofe  planets  al¬ 
ways  appear  round  through  the  telefcope. 

727  The  inferior  planets  do  not  fhine  brightefl  when  they  are  full  or 
round  viewed  through  the  telefcope :  thus,  venus  does  not  appear  in  her 

47  greatefl  hrightnefs  in  her  fuperior  conjunction  at  a,  fig.  47,  though  we  then 
fee  her  illuminated  hemifphere  entire  :  the  reafon  is  this,  the  light  which 
comes  from  venus  to  us  in  that  fituation  is  more  diminifhed  by  her  being 
then  at  her  greatefl  diftance  from  usb,  than  it  is  increafed  by  her  turning  her 
whole  enlightened  difk  towards  us:  Dr.  Halley  has  fhewnc,  that  venus  is 
brighteft  when  her  elongation  from  the  fun  is  about  40  degrees 3  fhe  does 
indeed  in  that  fituation  fhew  but  about  a  fourth  part  of  her  enlightened 
difk  to  the  inhabitants  of  the  earth,  fo  that  fhe  would  through  the  tele¬ 
fcope  look  like  the  moon  about  3  days  old;  but  fhe  is  then  fo  near  us  that 
this  fourth  part  contains  a  larger  area  and  fends  us  more  light  than  her  whole 
enlightened  difk  does  when  fhe  is  at  her  greatefl  diftance  from  us :  in  this 
fituation  with  refpeCt  to  the  fun  venus  is  often  feen  in  the  day  time,  in  lun- 
fhine,  and  is  by  the  vulgar  fometimes  taken  for  a  new  ftar;  and  in  the  night 
her  light  is  fo  flrong  that  fhe  calls  a  fhadow,  which  none  of  the  reft  of  the 
heavenly  bodies  ever  do,  except  the  fun  and  moon.  By  the  method  made  ufe 
of  by  Halley  for  venus,  it  will  be  found  that  mercury  is  in  his  greatefl  bright- 
nefs  when  very  near  his  utmofl  elongation. 

a  Selenografkia  fag-  42  &  67.  b  §.  88.  c  Jones  Phil.  SIranf.  abr.  evot.  4 .  f.  300. 
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728  All  the  planets  appear  white  or  luminous,  becaufe  their  furfacesre-  Ft 
fled;  the  rays  of  light  of  all  kinds,  red,  yellow,  green,  &c  together ;  for  it 
is  the  mixture  of  all  thefe  which  produces  whitenefsa:  there  is  however  fome 
little  difference  in  the  colours  of  the  planets ,  as  their  furfaces  are  different¬ 
ly  modifyed,  fo  as  to  reflect  the  rays  of  one  colour  in  greater  quantity  than 
others:  thus  mars  appears  of  a  reddifh  hue,  the  light  of  venus  is  a  little  in  • 
dined  towards  yellow,  that  of  jupiter  very  white,  faturn  a  little  livid,  and 
more  dim  than  the  reft,  one  reafon  of  which  may  be  his  great  diftance  from 
us.  We  may  alfo  obferve  fome  difference  in  the  colours  of  the  fxt  flars:  a- 
ftrologers  tell  us  fuch  ftars  are  of  the  nature  of  mars,  luch  of  venus  &c,  the 
ground  of  thefe  fancies  leems  to  be  the  different  colours  of  the  ftars,  where¬ 
in  fome  refemble  one  planet  and  fome  another  b.  Kepi.  aftr.  opt.  p.  261. 


CHAP.  12.  THE  ROTATION  OF  THE  EARTH  AND  HER  REVOLUTI¬ 
ON  ROUND  THE  SUN  CONSIDERED  TOGETHER  *.  THE  INCLINA¬ 
TION  OF  THE  EARTH’S  AXIS  TO  THE  PLANE  OF  HER  ORBIT 
THE  CAUSE  OF  THE  DIVERSITY  OF  SEASONS. 

729  It  has  been  already  (hewn,  that  by  the  rotation  of  the  earth  round  her 
axis  all  the  heavenly  bodies  appear  to  turn  round  us  in  24  hours0:  and  that 
from  the  fame  caufe  every  point  in  the  heaven  except  the  poles  appears  in 
the  natural  day  to  defcribe  either  the  celeftial  equator,  or  a  circle  parallel  to 
itd:  and  that  according  as  any  place  is  differently  fituated  upon  the  earth,  in 
a  parallel,  right  or  oblique  lphere,  every  one  of  the  heavenly  bodies,  and 
amongft  the  reft  the  fun,  appears  to  the  inhabitants  of  the  earth  to  be  carri¬ 
ed  round  them  either  in  a  circle  coincident  with  the  horizon,  or  parallel  to 

#  it,  or  that  cuts  the  horizon  at  right,  or  at  oblique  angles e.  It  has  been  alfo 
obferved,  that  the  fun  appears  in  different  points  of  the  heaven  at  different 
times  of  the  year,  fometimes  in  the  equator,  fometimes  very  near  it,  and 
fometimes  farther  off  from  it,  either  north  or  fouthj  and  that  this  declina¬ 
tion  from  the  equator  is  within  certain  limits,  which  the  fun  never  exceeds h 
the  caufe  of  all  this  is  the  inclination  of  the  earth’s  axis  to  the  plane  of  her 
orbit,  which  is  now  to  be  more  particularly  conftdered. 

730  The  axis  of  the  earth' s  diurnal  rotation  is  in  every  part  of  the  earth’s 
orbit  parallel  to  it  [elf  in  every  other  part  of  her  orbit:  thus,  fig.  52,  let 
n  d  s  k  be  a  glafs  lphere,  or  the  lphere  of  the  heaven,  viewed  at  a  great  di-  " 

a  §  222.  b  Chaldii,  ab  elementis  eormnque  commix  tionibus  ad Jlcllas  prorredi  entes,  natutas  earum  per  co- 
lores judicant :  Album^far,  intro  duct.  1.  i.  c.  z.  c  §  296.  d  §  343.  e  book  1  chap.  8.  f  book  1  chap.  8. 
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Fig.  dance,  fo  as  to  have  the  eye  a  little  elevated  above  the  plane  of  the  ecliptic, 

52  which  circle,  marked  with  the  characters  of  the  figns  r  «  H  &c,  is  here 
feen  in  a  perlpedtive  view,  as  is  alfo  the  plane  of  the  equator,  abcdefgh 
iklm,  and  the  orbit  of  the  earth,  abcdefgh  in  the  middle  whereof  is  the 
fun  ® ;  ns  is  the  axis  of  the  earth,  if  the  pofition  of  it  be  obferved  when  the 
earth  is  at  a,  and  a  line  drawn  parallel  to  it  as  ns,  I  fay  that  when  the 
earth  is  at  b  or  c  or  d  &c,  her  axis  is  in  every  one  of  thefe  places  parallel 
to  ns,  as  it  is  reprelented  in  the  figure.  Some  writers,  in  explaining  the  Co- 
pernican  fydem,  mention  this  parallelifm  of  the  earth’s  axis  as  cauled  by  a 
third  motion  of  the  earth,  which  they  call  the  motion  of  inclination,  as  if,  be¬ 
sides  the  diurnal  rotation  and  annual  motion,  another  motion  were  imprefl- 
ed  upon  the  earth,  whereby  the  inclination  of  her  axis  to  the  plane  of  her 
orbit  were  continued  in  the  fame  angle;  whereas  this  is  only  the  confequence 
of  the  diurnal  and  annual  motions  continuing  independent  upon  one  ano¬ 
ther,  the  one  no  way  diiturbing  the  other  :  fuppofe  a  globe  to  be  carri- 

53  ed  along  fo  that  the  center  of  it  goes  in  the  line  ab,  when  the  globe  is  at 
A,  among  the  infinite  number  of  diameters  of  the  globe  imagine  fome  one 
inclined  to  the  line  ab  in  any  angle  to  he  marked  out,  fo  as  to  be  didin- 
guifhed  from  the  red,  as  cd;  if  the  globe  has  no  other  motion  impreffed 
upon  it  but  a  progreflive  one  in  the  line  a  b,  when  it  is  come  from  a  to  b 
.the  diameter  cd  will  be  in  the  fituation  cd ,  parallel  to  its  former  fituation: 
if  at  the  fame  time  with  the  progreflive  motion  a  rotation  round  the  axis  c  d 
be  imprefled  upon  the  globe,  thefe  motions  are  independent  upon  one  ano¬ 
ther  and  one  will  have  no  effedt  upon  the  other,  but  the  axis  of  rotation  will 
at  b,  as  alfo  at  all  the  intermediate  places  between  a  and  b,  be  parallel  to  cd. 
If  indead  of  a  redtilinear  motion  we  fuppofe  the  globe  to  go  in  a  curve,  as  in  a 
circle  or  ellipfis,  as  the  earth  does  round  the  fun,  the  axis  of  rotation  will  then 
alfo  continue  parallel  to  it  felf,  undidurbed  by  the  circular  motion :  thefe 
motions  of  a  globe  are  here  fuppofed  to  be  in  vacuo,  and  not  in  a  medium 
where  they  meet  with  any  fridtion  or  refidance,  for  then  the  axis  of  rotation 
might  be  changed,  according  to  the  different  impulfe  of  the  medium  upon  its 
furface:  now  this  is  the  cafe  of  the  earth  and  planets  in  their  revolutions 
round  the  fun,  that  they  move  in  fpaces  void  of  all  refiding  matter;  or  if  it 
has  any  refidance  it  is  fo  fmall  as  not  to  have  any  fenfible  efiedt  in  many  ages. 

731  The  axis  of  the  earth  extended  both  ways  terminates  as  to  fenfe,  in 
the  fame  points  of  the  heaven ,  throughout  the  year :  in  reality  the  axis  of 
the  earth  extended  defcribes  in  the  heaven  round  each  of  the  points  n  and  s 
a  circle  equal  to  the  circumference  of  the  earth’s  orbit;  but  the  fphere  of  the 
heaven  is  fo  immenfely  large,  that  in  comparifon  of  it  the  orbit  of  the  earth 
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is  but  as  a  point:  and  confequently  the  axis  of  the  earth  extended  both  ways  Fig. 
terminates,  as  to  fenfe,  throughout  the  year  in  the  points  n  and  s;  and  thofe  32 
points  are  the  poles  round  which  the  heaven  appears  every  day  to  turn. 
From  hence  it  comes  to  pafs,  that  every  point  in  the  heaven  appears  to  de- 
fcribe  either  the  equator  or  a  parallel  to  the  equator,  in  the  fpace  of  a  natu¬ 
ral  day.  It  has  already  been  obferved,  §  359  and  366,  that  the  fun  is  but 
twice  a  year  in  the  equator,  at  the  two  equinoxes;  and  that  every  other  day 
of  the  year  he  is  more  or  lefs  in  north  or  l'outh  declination:  and  accordingly 
appears  to  defcribe  a  parallel  more  or  lefs  north  or  fouth  of  the  equator: 
what  diverfity  the  declination  of  the  fun  thus  varying  occafions  in  the  length 
of  the  days  and  nights,  at  different  times  of  the  year  in  the  fame  horizon,  or 
at  the  fame  time  of  the  year  in  different  horizons,  has  been  before  explained, 
book  1.  chap.  8.  and  10.  I  fhall  now  fhew  from  whence  this  difference  in 
the  fun’s  declination  arifes. 

732  If  the  axis  of  the  earth  were  perpendicular  to  her  orbit ,  the  planes  of 
the  earth’s  equator  and  of  her  orbit  would  be  coincident ;  and  then,  fince  the 
fun  is  in  the  center  of  the  earth’s  orbit,  the  plane  of  the  earth’s  equator  ex¬ 
tended  would  pafs  through  the  fun,  and  the  fun  would  appear  to  be  carried 
round  in  the  celeftial  equator  every  natural  day  in  the  year:  thus,  fig.  54  ex-  54 
hibits  the  orbit  of  the  earth  in  a  perlpe&ive  view,  the  eye  being  at  a  great 
diftance  and  a  little  elevated  above  the  plane  of  it :  if  the  axis  of  the  earth 

ns  were  perpendicular  to  it,  as  it  is  here  reprefented,  the  plane  of  the  earth’s 
equator  in  every  one  of  the  fituations  a ,  b,  c ,  d ,  &c  would  pafs  through  the 
fun ;  and  then  the  fun’s  apparent  place  in  the  heaven  muft  be  in  the  celeftial 
equator;  and  confequently  we  fliouldhave  perpetual  equinox:  the  fun  indeed 
would,  by  the  progrefs  of  the  earth  through  her  orbit,  appear  every  day  in  a 
different  point  of  the  equator,  fo  as  to  go  through  that  circle  in  the  fpace  of  a 
year ;  but  this  would  make  no  difference  in  the  feafons  of  the  year  :  for  every 
place  of  the  earth  would  then  enjoy  the  light  and  heat  of  the  fun  every  day 
alike,  and  that  in  the  fame  manner  as  it  does  now  at  the  equinoxes. 

733  'The  axis  of  the  earth  is  inclined  to  the  plane  of  the  earth's  orbit ,  fo  as 
to  make  an  angle  with  it  of  66°  3  1  :  hence  the  plane  of  the  earth’s  equa¬ 
tor  makes  with  the  plane  of  her  orbit  an  angle  of  230  29',  the  complement 
to  66°  3  1  :  and  confequently  the  celeftial  equator  and  ecliptic  interfedl  each 
other  in  an  angle  of  230  29k  The  ecliptic  is  cut  by  the  celeftial  equator  in 
the  points  T  and  and  therefore  when  the  fun  appears  in  either  of  thofe 
points  he  appears  in  the  celeftial  equator  alfo;  in  every  other  point  of  the  e- 
cliptic  he  is  in  north  or  fouth  declination:  let  fig.  52  be  the  glafs  fphere,  or  52 
the  fphere  of  the  heaven  reprefented  as  feen  at  a  great  diftance  in  a  perfpec- 
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bio.  tive  view,  abcd  See  is  the  celeftial equator,  T  b'  n  ®  &c  the  ecliptic,  abede 
52  fg  the  orbit  of  the  earth,  n  the  arctic,  s  the  antarctic  pole,  z  the  north,  x  the 
fouth  pole  of  the  ecliptic:  about  the  10th  of  march,  the  earth  being  at  a ,  the 
fun’s  place  to  an  inhabitant  of  the  earth  is  at  y  ;  and  the  rotation  of  the  earth 
for  that  natural  day  makes  him  appear  to  be  carried  round  in  the  celeftial  e- 
quator:  the  next  day,  by  the  earth  going  about  one  degree  in  her  orbit  from 
a  towards  b,  the  fun’s  place  will  appear  to  be  advanced  about  one  degree  from 
r  towards  b  ;  this  carries  him  a  little  into  north  declination,  and  he  that  day 
appears  to  go  round  in  a  parallel  a  little  north  of  the  equator.  As  the  earth 
goes  on  from  a  to  b,  from  b  to  c,  from  c  to  r/,  &c,  the  fun  appears  to  pro¬ 
ceed  in  the  ecliptic j  changing  his  declination  according  as  that  circle  devi¬ 
ates  from  or  approaches  to  the  celeftial  equator:  thus,  from  T  towards  b 
and  fo  on  according  to  the  order  of  the  figns,  his  northern  declination  every 
day  increafes;  for  about  the  10th  of  april  when  the  fun  is  at  b  his  declinati¬ 
on  is  b  b  ;  about  the  10th  of  may  when  he  is  at  n  it  is  D  c;  about  the  10th  of 
june  when  he  is  at  $  it  is  and  this  is  his  greateft  north  declination, 
amounting  to  23°  29':  that  day  the  fun  appears  to  be  carried  round  in  the 
tropic  of  cancer,  and  is  vertical  at  noon  to  thofe  who  live  in  a  correfpond- 
ing  parallel  upon  the  earth,  namely  in  the  northern  tropic,  in  230  29'  north 
latitude  :  from  thence  the  fun’s  declination  continually  decreafes;  fo  that  a- 
•  bout  the  10th  of  july  his  place  is  at  ft,  his  declination  is  ft  e  :  about  the 
10  of  auguft  he  is  at  fiF,  his  declination  >4  f:  about  the  10th  of  feptember 
he  is  again  in  the  celeftial  equator  at  &  :  for  the  remaining  months  he  is  in 
fouth  declination  j  in  odtober  at  m  :  in  november  at  Z  :  in  december  at  X, 
in  his  greateft  fouth  declination,  when  he  deferibes  the  tropic  of  capricorn, 
and  is  vertical  at  noon  to  thofe  who  live  under  that  circle,  or  in  230  29'  fouth 
latitude:  in  January  the  fun  is  at  ^  :  in  february  at  X  :  and  about  the  re- 
33  turning  10th  of  march  in  r  again.  In  the  55th  figure  we  have  the  celeftial 
equator  and  ecliptic  in  another  view ;  it  reprefents  an  hoop  containing  all 
that  part  of  the  fphere  of  the  heaven  which  is  between  the  tropics ;  fuppo- 
fing  it  to  be  cut  open  and  unbent  into  a  plane,  in  the  fame  manner  as  we 
confidered  the  zodiac,  §651:  it  thews  the  change  of  the  fun’s  declination  in 
his  progrefs  through  the  twelve  figns:  in  april  it  is  b  B;  in  may  n  c;  &c. 

32  734  The  52  and  55  figures  fhew  how  it  comes  to  pafs  that  the  fun’s  de- 

33  clination  changes  fafter  the  nearer  he  is  to  one  of  the  points  r  and  where 
the  equator  and  ecliptic  interledl  one  another ;  for  there  thofe  circles  recede 
lafteft  from  one  another:  the  fame  figures  fhew  alio  why  the  fun’s  declinati¬ 
on  changes  more  flowly  the  nearer  lie  is  to  one  of  the  folftitial  points  s  and 
X;  becaule  there  the  ecliptic  touching  the  two  tropics  does  not  recede  fenfi- 
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bly  from  them  for  fome  fpace:  and  therefore  all  the  while  the  fun  is  near  ei-  Fig. 
ther  of  the  folftitial  points  the  parallels  in  which  he  every  day  appears  to 
be  carried  round  by  the  earths  rotation  are  not  fenfibly  different  from  one 
another,  but  are  in  a  manner  coincident  with  the  neareft  tropic:  and  fo  long 
the  change  of  the  funs  declination  is  fcarce  perceptible. 

7^5  ‘The  change  of  the  feafons ,  arifing  from  the  inclination  of  the  earth's 
axis  to  the  plane  of  her  orbit,  may  be  very  well  fhewn  in  another  manner  : 
the  56  figure,  which  is  commonly  made  ufe  of  for  this  purpofe  is  taken  o-  5^ 
riginally  from  Galileo a;  the  ellipfis  r  <b  eX  reprefents  the  orbit  of  the  earth 
in  a  perfpe&ive  view,  the  earth  with  fuch  circles  as  are  requifite  for  the  pre- 
fent  occalion  is  pictured  in  the  four  feveral  fituations  which  die  is  in  at  the 
beginning  of  the  four  feafons  of  the  year,  ax  is  the  axis  of  the  earth,  pa¬ 
rallel  to  it  felf  in  all  the  fituations,  e  qjs  the  equator,  tc  the  northern  tropic, 
np  the  north  polar  circle,  bd  the  fouthern  tropic,  fg  the  fouth  polar:  now 
if  we  imagine  a  line  to  be  drawn  from  s  the  center  of  the  fun  to  the  center 
of  the  earth  in  each  fituation,  this  central filar  ray ,  as  it  may  be  called,  will 
about  the  10th  of  june,  when  the  earth  is  at  X,  terminate  upon  the  furface 
of  the  earth  at  the  northern  tropic  t  c  ;  and  confequently,  by  the  earth’s  ro¬ 
tation  round  her  axis,  the  inhabitants  of  every  part  of  the  circle  tc  will 
fucceffively  have  the  fun  in  their  zenith,  or  in  other  words  he  will  be  vertical b 
to  them  that  day  at  noon,  and  the  fun  appears  that  day  to  be  carried  round 
in  the  tropic  of  cancer:  about  the  10th  of  feptember  the  earth  is  at  r,  the 
central  folar  ray  s  T  terminates  upon  the  furface  of  the  earth  in  the  equator; 
and  therefore  the  fun  appears  to  be  carried  round  in  the  celeftial  equator,  and 
is  fucceffively  vertical  to  thole  who  live  under  that  circle:  about  the  10th 
of  december,  when  the  earth  is  at  s,  the  central  folar  ray  s  ®  terminates  on 
the  furface  of  the  earth  in  the  fouthern  tropic  bd;  and  for  that  day  the  fun 
appears  to  be  carried  round  in  the  tropic  of  capricorn,  and  is  vertical  to  thofe 
who  live  under  that  circle:  about  the  10th  of  march  the  earth  is  at  **,  and 
the  ray  s  ^  points  at  the  equator  again;  and  confequently  the  fun  appears  a- 
gain  in  the  celeftial  equator,  and  is  again  vertical  to  thofe  who  live  under 
the  line. — The  56  figure  fliews  very  well  how  a  central  ray  drawn  from  the  56 
fun  points  at  the  northern  tropic  upon  the  earth,  about  the  10th  ofjune;  at 
the  fouthern  tropic,  in  december :  it  thews  alio  how  this  central  folar  ray 
points  at  the  equator,  in  march  and  feptember  :  but  thefe  two  feafons  I  think 
are  not  fo  well  reprefented  as  the  other;  and  therefore  I  have  in  fig.  57  given 
another  perfpedVive  view  of  the  orbit  of  tne  earth,  wherein  tne  pointing  of 
the  central  folar  ray  upon  the  equator  at  the  two  equinoxes  is  feen  in  a  bet¬ 
ter  manner.  73^' 
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1G •  73 6  Fig-  5$  exhibits  the  orbit  of  the  earth  in  another  perfpeftive  view  3  the 

5^  earth  is  drawn  in  the  twelve  feveral  places  which  Hie  is  in  about  the  10th 
day  of  each  of  the  twelve  months,  keeping  the  parallelifm  of  her  axis  in 
thole  feveral  fituations:  now  if  a  line  be  drawn  from  the  center  of  the  fun  to 
the  center  of  the  earth  in  each  fituation,  in  march  when  the  earth  is  at  si,  it 
points  at  the  equator:  in  april  it  points  at  the  parallel  here  expreft  by  the 
dotted  line  ab ,  which  is  a  little  in  north  latitude:  in  may  at  a  parallel  farther 
north,  which  is  alfo  expreft  in  the  figure  by  a  dotted  line:  and  in  june  at  the 
northern  tropic :  in  July  and  auguft  the  line  points  at  parallels  lefs  and  lefs 
north,  marked  here  by  dotted  lines:  in  feptember  it  points  at  the  equator  a- 
gain:  for  the  reft  of  the  months  the  line  points  at  parallels  in  fouth  latitude, 
marked  in  the  figure  by  dotted  lines ;  going  more  and  more  fouth  from  feptem¬ 
ber  till  december,  when  it  points  at  the  fouthern  tropic :  from  thence  it  points 
every  day  at  a  parallel  nearer  and  nearer  to  the  equator;  till  about  the  10th 
of  the  returning  march  it  points  at  the  equator  again:  it  is  eafy  to  fee  that 
according  as  the  central  folar  ray  points  any  day  of  the  year,  at  the  equator, 
or  at  fome  parallel  upon  the  earth  more  or  lefs  north  or  fouth,  the  fun  appears 
to  be  carried  round  that  day  either  in  the  equator,  or  in  fome  celeftial  paral¬ 
lel  more  or  lefs  north  or  fouth,  correfponding  to  the  terreftrial  parallel. 

737  The  iun  is  not  only  twice  a  year  vertical  to  the  inhabitants  under 
the  line,  namely  at  the  two  equinoxes;  but  alfo  to  the  inhabitants  of  any  pa¬ 
rallel  fituated  between  the  tropics:  thus  the  fun  is  vertical  to  the  inhabitants 

58  of  the  parallel  cib  in  april,  as  the  earth  is  going  from  the  equinoctial  point 
~  towards  the  folftitial  point  and  in  auguft,  as  ftie  is  going  from  the  fol- 
ftitial  point  towards  the  equinoctial  point  r :  in  like  manner,  the  figure 
thews  the  c>mtial  folar  ray  to  point  at  the  fame  parallel  in  july  as  in  may:  in 
Occobei  as  in  february.  in  november  as  in  January:  from  hence  appears  the 
reafon  why  the  days  are  of  the  fame  length  with  us,  as  alfo  in  any  place  in 
an  oblique  fphere,  in  auguft  as  in  april:  in  july  as  in  may:  in  november  as 
in  January,  in  oCtober  as  in  february:  the  only  difference  is  that  in  april,  mav 

January,  and  february,  the  days  are  increafing;  but  in  july,  auguft,  oCtober,  and 
november,  they  are  decreafing. 

56  738  If  we  imagine  a  plane  perpendicular  to  the  line  drawn  from  the  cen- 

57  ter  of  the  fun  to  pafs  through  the  center  of  the  earth,  the  feCtion  of  the  globe 

58  °f  the  earth  by  that  plane  will  be  a  great  circle,  which  may  be  called  the  cir¬ 
cle  oj  illumination ;  becaufe  it  marks  out  that  half  of  the  earth  which  is  to¬ 
wards  the  fun  and  is  enlightened  by  him,  wherein  it  is  day,  and  divides  it 
from  the  other  half  which  is  in  darknefs,  wherein  it  is  night :  the  circle  of 
illumination  always  divides  the  equator  into  two  equal  parts,  §  177;  and 

therefore 
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therefore  all  who  live  under  the  equator  have  the  days  and  nights  equal  Fig. 
throughout  the  year. 

739  About  the  10th  of  march,  when  the  earth  is  at  the  point  a,  and  the  36 
10th  of  feptember,  when  file  is  at  r,  the  plane  of  the  circle  of  illumination  37 
paffes  through  the  axis  of  the  earth,  and  divides  not  only  the  equator  but  38 
every  parallel  alfo  both  north  and  fouth  into  two  equal  parts ;  and  confe- 
quently  every  point  of  the  earth’s  furface  is  by  her  rotation  carried  juft  as 
long  in  light  as  in  darknefs:  thofe  times  therefore  are  the  two  equinoxes ,  when 
the  nights  and  days  are  equal  over  the  face  of  the  whole  earth  a,  and  the  cir¬ 
cle  in  which  the  fun  then  appears  to  be  carried  round  is  called  the  equinoctial. 

740  In  every  other  fituation  of  the  earth,  every  parallel  through  which 
the  plane  of  the  circle  of  illumination  paffes  is  divided  by  it  unequally,  and 
more  unequally  the  farther  the  earth  is  from  the  equinoctial  points  r  and  5 ^ 
and  confequently,  at  all  other  times  of  the  year  except  the  equinoxes,  the 
days  and  nights  are  unequal ,  in  every  place  fituated  in  an  oblique  lphere : 
and  the  greater  the  diftance  of  time  is  from  the  equinox,  the  greater  is  this  in¬ 
equality  of  the  day  and  night:  the  greatefl  inequality  therefore  is  at  the  two 
JolJlices ;  when  the  earth  is  at  $  or 

741  In  every  fituation  of  the  earth  except  at  the  two  equinoxes  at  r  and  38 
t£?there  may  be  taken  parallels  near  each  pole  which  are  not  cut  by  the  circle 

of  illumination,  but  are  fome  of  them  entirely  in  the  light,  others  entirely  in 
the  dark:  fo  long  as  any  parallel  is  entirely  in  the  light  it  is  continual  day 
without  night  in  every  place  of  the  earth  in  that  parallel 3  as  it  is  alfo  in  eve¬ 
ry  place  fituated  between  that  parallel  and  the  nearefl  pole:  fo  long  as  any 
parallel  continues  entirely  in  the  dark  it  is  continual  flight  without  day  to  all 
the  inhabitants  therein  j  as  it  is  alfo  in  every  place  fituated  between  that  pa¬ 
rallel  and  the  nearefl  pole. 

742  About  the  10th  of  june,  in  the  fummer  folflice,  when  the  earth  is  36 
at  X,  the  largefl  parallel  n  p  which  can  be  taken  entirely  in  the  light  is  the  ~g 
north  polar  circle  ;  the  largefl  parallel  f  g  which  can  be  taken  entirely  in  the  ^ 
dark  is  the  fouth  polar  circle:  at  that  time  therefore  it  is  continual  day  every 
where  within  the  north  polar,  and  continual  night  in  all  places  within  the 
fouth  polar  circle:  about  the  10th  of  december,  at  the  winter  folflice,  when 
the  earth  is  at  ® ,  the  reverfe  of  this  happens;  the  north  polar  circle  n  p  is  then 
entirely  in  the  dark,  the  fouth  polar  f  g  entirely  in  the  light,  as  appears  by 

a  In  a  parallel  fphere  the  fun  is  in  reality  then  carried  round  in  the  horizon,  half  his  bod)'  being  above 
and  half  below  the  plane  of  that  circle  :  notwithllanding,  to  a  fpedator  under  either  of  the  poles  his  whole 
body  would  be  leen  all  die  while  above  the  horizon ;  becauie  refradion  always  makes  him  appear  higher 
than  his  true  place. 

the 
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ig.  the  56  and  58  figures:  at  that  time  therefore  it  is  continual  day,  within  the 
56  fouth  polar,  and  continual  night  within  the  north  polar  circle. 

58  743  From  the  fummer  folfiice,  when  the  earth  being  at  ~h  fig.  58,  the 

north  polar  n  p  is  entirely  in  the  light,  the  fouth  polar  fg  entirely  in  the 
dark,  the  greatefi:  north  parallels  which  can  be  taken  entirely  in  the  light 
and  the  greatefi  fouth  parallels  which  can  be  taken  entirely  in  the  dark  dai¬ 
ly  grow  lefs  and  lefs,  till  the  earth  comes  to  r,  at  the  autumnal  equinox; 
when,  the  circle  of  illumination  cuts  all  the  parallels  equally,  and  every 
point  of  the  earth’s  furface  is  by  her  rotation  continued  as  long  in  the  light 
as  in  the  dark.  From  the  autumnal  equinox  the  parts  about  the  north  pole 
begin  to  go  entirely  into  the  dark,  and  the  parts  about  the  fouth  pole  entire¬ 
ly  into  the  light;  and  the  circle  of  illumination  cuts  the  furface  of  the  earth 
in  fuch  a  manner  as  to  encreafe  every  day  the  darknefs  about  the  north  pole, 
and  the  light  about  the  fouth,  till  the  winter  folfticej  when,  the  earth  be¬ 
ing  at  <5,  the  whole  north  polar  is  in  the  dark,  and  the  whole  fouth  polar 
in  the  light.  From  the  winter  folfiice  the  greatefi;  entirely  dark  northern  pa¬ 
rallels  and  the  greatefi:  entirely  light  fcuthern  parallels  grow  every  day  lefs 
and  lefs,  till  the  vernal  equinox;  when,  the  earth  being  at  sa,  all  the  paral¬ 
lels  are  again  divided  into  equal  parts  by  the  circle  of  illumination.  From 
the  vernal  equinox  the  parts  about  the  north  pole  come  every  day  more  and 
more  entirely  into  the  light,  and  the  parts  about  the  fouth  pole  more  and 
more  entirely  into  the  dark,  till  at  the  fummer  folfiice  the  earth  is  again  at 
X;  and  the  circle  of  illumination  cuts  the  lurface  of  the  earth  in  luch  manner 
as  to  throw  the  whole  north  polar  into  the  light,  and  the  whole  fouth  polar 
58  into  the  dark.  The  58  figure  makes  what  I  have  now  faid  eafy  to  be.  com¬ 
prehended;  fhewing  the  gradual  fuccefiive  gaining  and  lofing  of  light  and 
darknefs,  in  different  months,  upon  the  parts  about  each  of  the  poles. 

744  from  the  10th  of  march  to  the  10  of  feptember,  whilfi  the  earth  is 
going  in  her  orbit  through  ft  l  Xc  X,  and  by  that  motion  makes  the  fun 
appear  to  go  through  the  northern  figns  r  »  n  ®  a  w,  the  circle  of  illumi¬ 
nation  divides  the  paiallels  through  which  it  pafies,  unequally,  in  fuch  a  man¬ 
ner  that  the  greater  part  of  every  north  parallel  is  in  the  light,  and  the  great¬ 
er  part  of  every  fouth  parallel  in  the  dark:  during  that  time  therefore  the 
days  are  longer  than  the  nights  to  all  who  live  in  north  latitude;  and  the 
nights  are  longer  than  the  days  to  thole  who  live  in  fouth  latitude.  In  the 
other  half  year,  from  the  10th  of  feptember  to  the  10th  of  march,  when  the 
earth  is  going  in  the  other  part  of  her  orbit  through  T  «  n$a,f)  and  the 
fun  is  in  the  fouthern  figns  ^  m  the  parallels  through  which  the  , 

plane  of  the  circle  of  illumination  pafies  are  fo  divided  by  it  that  the  greater 

part 
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part  of  every  north  parallel  is  in  the  dark,  and  the  greater  part  of  every  fouth 
parallel  in  the  light:  during  all  that  time  therefore  all  who  live  in  north  la¬ 
titude  have  the  night  longer  than  the  day ;  but  all  who  live  in  fouth  lati¬ 
tude  have  the  day  longer  than  the  night. 


CHAP.  13.  OF  THE  ATMOSPHERE,  REFRACTION,  THE  TWILIGHT. 

745  Our  earth  is  furrounded  every  way  with  a  fphere  of  air  wherein  va¬ 
rious  kinds  of  particles  are  continually  floating;  the  whole  taken  together  is 
called  the  atmofphere ,  from  its  fpherical  Rvape,  and  from  the  greek  word  at - 
mos  which  fignifies  a  miff,  vapor  or  fmoke:  The  air  is  a  fluid  fuigenerisi  ha¬ 
ving  fome  properties  not  to  be  found  in  other  fluids;  it  is  compreiTible,  and  e- 
laflic,  capable  of  having  its  parts  lqueezed  clofer  together,  or  of  expanding 
it  felf  fo  as  to  take  up  a  greater  fpace :  a  cubic  foot  of  air  may  be  compreffed 
into  a  60th  part  of  that  dimenfion;  on  the  other  hand,  a  cubic  inch  of  air,  if 
all  preffure  were  taken  off,  would  expand  it  felf  fo  as  to  fill  a  fpace  many  mil¬ 
lions  of  times  as  large2.  Air  has  this  in  common  with  all  other  material  fubftan- 
ces  that  it  is  weighty,  though  in  a  lefs  degree  than  moft  bodies  with  which 
we  are  acquainted;  a  glafs  bottle  filled  with  air  weighs  fomething  heavier 
than  it  will  do  if  the  air  is  exhauRed  out  of  it  by  the  air-pump;  we  may  al- 
fo  make  a  bottle  filled  with  air  in  its  natural  Rate  Rill  heavier,  by  forcing 
more  air  into  it. 

746  The  gravity  of  the  air  makes  the  loweR  parts  of  the  atmofphere  to 
be  the  heavieR  as  well  as  the  moR  denfe,  becaufe  they  are  preifed  upon  by 
the  weight  of  all  above  them;  and  for  the  fame  reafon  the  higher  the  air  is 
the  thinner  it  grows,  till  at  the  extream  or  higheR  parts  of  the  atmofphere  it 
is  exceedingly  thin  and  light:  and  this  is  the  reafon  why  clouds  and  vapours 
can  rife  but  to  a  certain  height,  the  higher  air  being  fpecifically  lighter;  and 
confequently  unable  to  fupport  them.  What  the  texture  is  of  the  particles  of 
which  air  confiRs  we  muR  be  contented  to  be  ignorant  of;  fome  have  thought 
they  might  refemble  the  fpring  of  a  watch,  which  unbends  its  coils  when  left 
to  it  felf,  but  may  be  forced  to  wind  them  up  into  a  narrow  compafs.  Sir  IJ'aac 
Newton b  fuppofes  that  fome  bodies  may  have  their  fmalleR  parts  endued  with 
a  repulfive  power,  which  makes  them  recede  from  one  another,  and  that  air 
may  be  of  this  fort.  How  the  upper  and  lower  air  come  to  be  of  a  different 
denfity  may  be  illuRrated  by  a  familiar  inRance  of  an  heap  of  wool  or  lpunge, 
or  the  like  compreiTible  matter,  where  the  preRure  of  what  is  above  will 

a  Newt,  princip.  I  3  prop.  41.  opt.  book  3  qu.  28.  Gregor,  ajlron.  1.  5  prop.  3.  b  Opt.  book  3  qu.  31. 
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make  the  lower  parts  lye  more  compact  and  clofe  together,  In  proportion  to 
the  weight  which  lies  upon  them:  thus  the  atmofphere  may  be  confidered 
as  con  lifting  of  an  indefinite  number  of  fpheres  of  different  denfities,  enclofing 

one  another  as  the  feveral  coats  of  an  onion  do. 

The  atmofphere  is  not  only  admirably  fitted  for  the  refpiration  and 

liourifhment  of  animals,  the  growth  of  vegetables,  the  produdion  and  pro¬ 
pagation  of  founds  &c;  but  helps  alfo  to  make  our  habitable  earth  that  beautiful 
icene  of  variety  which  it  now  is.  If  it  were  not  for  the  atmofphere  the  fun 
and  liars  would  give  us  no  light  but  juft  when  we  turn  our  eyes  upon  them, 
the  brightnefs  of  the  fun  would  indeed  be  greater  than  it  is,  but  if  we  turn¬ 
ed  our  eyes  from  him  towards  any  other  part  of  the  heaven,  it  would  appear 
as  dark  and  full  of  ftars  as  in  a  bright  ftar-light  night  in  winter.  As  for  the 
various  bodies  which  are  upon  the  earth,  they  would  all,  without  the  atmo¬ 
fphere,  appear  to  us  as  dark  as  at  midnight 5  except  only  thole  paits  of  them 
which  happened  to  be  in  fuch  a  pofition  that  the  rays  of  the  fun  falling  up¬ 
on  them  were  reflected  to  our  eyes.  It  is  eafy  to  imagine  how  much  of  the 
beauty  of  the  vifible  creation  would  be  loft  in  thefe  circumftances,  befides  the 
infupportable  prejudice  to  the  eyes  of  all  creatures,  by  palling  fo  fuddenly 
from  pitchy  darknefs  to  exceflive  light.  The  numberlefs  fmall  particles  of 
various  kinds  which  float  in  the  air  receive  the  light  irorn  the  fun,  and  like 
.fo  many  fmall fpecula  or  looking-glaftes  refled  and  fcatter  it  through  the  aira, 
and  this  occasions  that  light  which  we  fee  in  the  day-time,  by  which  our 
eyes  are  affeded  fo  ftrongly  as  to  render  the  fainter  light  of  the  ftars  inlen- 
fible.  By  this  means  the  Iky  is  illuminated  all  round  us  by  the  fun,  not  only 
whilft  he  is  above  our  horizon,  but  alio  for  fome  time  before  his  tiling,  and 
after  his  fetting;  fo  long  as  any  of  his  rays  can  either  diredly  or  by  refracti¬ 
on  reach  any  part  of  the  atmofphere  within  our  vifible  horizon:  for  the  air, 
as  well  as  all  other  mediums  which  tranfmit  light,  refrads  or  bends  the  rays 
of  it,  if  they  come  into  it  from  a  different  medium:  this  property  of  the  air  is 
exceedingly  beneficial  to  the  inhabitants  of  the  earth,  as  it  lengthens  the  days 
by  the  addition  of  the  twilight,  but  it  gives  aftronomers  fome  trouble,  as  it 
changes  a  little  the  places  of  all  the  heavenly  bodies,  and  makes  them  appear 
higher  than  they  really  are,  and  muff  therefore  be  taken  into  the  account,  if 
we  would  be  exad:  the  ancients  were  not  well  acquainted  with  the  refradi- 
on  of  the  air,  which  renders  many  of  their  obfervations  of  the  heavenly  bo¬ 
dies,  efpecially  near  the  horizon,  liable  to  uncertainty. 

a  Thus  if  the  fun  fhines  into  a  dark  room  through  an  hole  in  a  door  or  fhutter  of  a  win  low,  we  per 
ceive  it  in  a  long  ltream  of  light  -..  which  appears  brighter  the  fuller  the  room  is  of  dull  or  hnoke. 

748 
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748  The  rays  of  light  coming  out  of  a  thinner  medium  into  a  thicker  are  Fig. 
ref  rafted  towards  the  perpendicular,  whether  the  furface  of  the  thicker  me¬ 
dium  be  plane  or  curve;  as  has  been  already  obferved,  §  213  and  215:  a  ray 

of  light  coming  from  any  of  the  heavenly  bodies  to  the  eye  of  an  inhabitant 
of  the  earth  pafles  ftrft  through  a  fpace  either  perfectly  void  of  ail  matter,  or 
very  nearly  luch,  in  a  ftrait  line,  till  it  reaches  the  top  of  our  atmofphere; 
upon  the  ipherical  furface  of  which  if  it  falls  obliquely,  it  will  be  a  very  lit¬ 
tle  bent  or  refracted,  at  its  entrance  into  the  exceedingly  thin  air,  and  will 
be  continually  more  and  more  bent  as  it  paftes  through  thicker  and  thicker 
air,  till  it  arrives  at  the  earth. 

749  If  we  imagine  the  atmofphere  to  be  divided  into  any  number  of  con¬ 
centric  fpherical  fpaces  of  different  denfities,  for  example  into  four,  as  is 
done  in  fig.  59  by  a  like  number  of  fpherical  furfaces,  a  ray  of  light  coming  59 
from  a  ftar  at  A  would  proceed  in  a  ftrait  line  till  it  falls  upon  the  outward 
furface  at  Ba,  there  it  would  be  a  little  bent,  and  go  on  from  thence  in  a  ftrait 
line  to  c,  where,  falling  upon  a  furface  of  thicker  air,  it  would  receive  a  great¬ 
er  refraction,  and  go  on  in  the  ftrait  line  c  d,  at  d  ftill  thicker  air  would  give 

it  a  new  and  greater  refraction,  into  the  line  de,  at  e  the  air  being  moie 
denfe  would  give  it  the  greateft  refraction,  into  the  line  e  f:  as  all  vifion  is 
made  in  a  right  line,  a  fpedator  upon  the  earth  at  f  would  fee  the  ftar  in  the 
line  F  e  continued;  fo  that  its  refraCted  or  apparent  place  is  g,  higher  or 
nearer  to  the  zenith  than  its  true  place  a:  refraCtion  therefore  makes  all  the 
heavenly  bodies  appear  higher  than  their  tiue  places. 

7ro  If  inftead  of  four  we  imagine  the  atmofphere  to  be  divided  into  an 
indefinite  number  of  fpherical  fpaces  containing  air  of  different  denfities,  it 
is  eafy  to  fee  that,  inftead  of  going  in  four  feveral  ftrait  lines,  a  ray  of  light 
palling  through  the  atmofphere  will  go  in  a  curve  line,  whole  curvature  con¬ 
tinually  increafes  till  it  falls  upon  the  earth,  as  is  reprefented  by  the  curve 

ABCD,  fig.  60.  ,  , 

-51  If  a  ftar  be  in  the  zenith  of  a  fpedator  upon  the  earth,  a  ray  coming 

from  it  to  his  eye  falls  perpendicularly  upon  the  fpheiical  ftulace  ol  at- 
mofphere,  and  will  therefore  proceed  in  a  ftrait  line,  without  being  refracted, 
by  $  212:*  if  a  ftar  be  in  the  horizon  of  an  oblerver,  a  ray  coming  rrorn  it  to 
his  eye  fuffers  the  greateft  refraction  of  all,  for  two  reafons,  1  the  ray  falls 
upon  the  furface  of  the  atmofphere  with  the  greateft  obliquity,  2  it  pafles 
through  the  largeft  fpace  of  the  lower  and  denier  part  of  the  air:  thus,  iig. 

a  I  call  that  the  outward  furface  of  the  atmofphere  where  the  air  begins  to  be  denie  enough  to  caule  a 
fenfible  refraction ;  the  height  of  this  is  about  40  or  50  miles  above  the  earth:  how  much  mguer  the  l-  - 
ncr  air  may  reach  is  difhcuit  to  deter  min- 
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ig.  61,  let  a  b  c  he  part  of  the  furface  of  the  earth,  b  the  place  of  an  obferver, 

^  1  if  a  liar  be  in  his  zenith  at  z  ,  the  line  z  b  drawn  from  the  far  to  his  eye  falls 
perpendicular  upon  the  fpherical  furface  of  the  atmolphere  at  f,  and  confe- 
quentlv  will  be  perpendicular  to  all  the  concentric  fpherical  furfaces  which  we 
can  imagine  in  the  atmofphere:  if  a  far  be  in  his  horizon  at  g,  the  ray  g  d, 
by  which  the  far  is  feen,  falls  more  obliquely  upon  the  atmofphere  at  d,  than 
the  ray  h  e  from  a  far  at  h  does  at  e;  or  than  a  ray  coming  from  any  far 
between  g  and  z  to  the  eye  at  b:  moreover  the  line  d  b  is  longer  than  f  b,  or 
e  By  or  than  any  other  line  which  can  be  drawn  from  the  out  fide  of  the  at- 
inofphere  to  the  eye  at  b,  between  db  and  f  b. 

752  The  refract  ion  of  the  heavenly  bodies  is  not  only  greateji  in  the  hori¬ 
zon  and  none  at  all  in  the  zenithy  but  decreafes  from  the  horizon  as  their  alti¬ 
tudes  increafe,  till  near  the  zenith  it  becomes  fcarcely  fenfible:  afronomers 
give  us  tables  of  refraction,  which  ferve  chiefly  for  the  country  where  they 
were  made:  the  air  is  condenfed,  and  confequently  refraction  increafed  by 
cold;  and  therefore  refraction  is  greater  in  cold  countries  than  in  hot:  it  is 
alfo  greater  in  cold  weather  than  in  hot,  in  the  fame  country,  and  the  morn¬ 
ing  refradion  is  greater  than  the  evening;  becaufe  the  air  is  ratified  by  the 
heat  of  the  fun  in  the  day,  and  condenfed  by  the  coolnefs  of  the  night:  re¬ 
fraction  is  alfo  fubjeCt  to  fome  fmall  variation,  at  the  fame  time  of  the  day  in 
the  finef  weather;  fee  §  483:  but  thefe  niceties  are,  I  fuppofe,  not  coniidered 
in  the  tables,  or  rather  they  give  us  the  mean  refractions  between  the  great- 
ef  and  the  leaf. 

753  The  ref  radii  on  of  all  the  heavenly  bodies  is  the  fame  at  the  lame 
apparent  height  above  the  horizon:  thus  the  refraction  of  the  fun,  moon,  or 
any  far  is  the  fame,  at  the  fame  apparent  altitude;  becaufe  the  rays  come 
trom  them  all  in  f  rait  lines  till  they  enter  our  atmofphere :  if  the  moon  which 
is  the  nearef  to  our  earth  be  of  the  fame  apparent  altitude  with  a  far,  a  ray 
coming  trom  the  moon  goes  through  the  fame  lpace  of  air  as  a  ray  from  the 

60  far  does:  thus,  fig.  60,  if  a  far  be  at  a,  the  moon  at  m,  a  ray  from  either 
comes  alike  in  the  line  a  b  and  is  alike  refraCted  into  the  line  abc  d. 

754  The  horizontal  refraction  being  the  greatef  is  the  caufe  of  the  fun 
appearing  oj-  an  ovalformy  at  his  rifing  and  jetting:  for  the  lower  edge  of  the 

62  fun  b  is  more  refraCted  than  the  upper  edge  a,  by  which  means  they  are 
brought  nearer  together,  that  is  the  perpendicular  diameter  ab  is  fhortened  : 
whereas  refraction  does  not  fliorten  the  tranfverfe  diameter  cd:  moreover, 
the  lower  edge  fuf'ering  the  greatef  refraCtion,  the  horizontal  fun  does  not 
appear  a  compieat  eilipfis,  but  the  lower  half  cbd  is  part  of  a  more  oblong 
oval  than  the  upper  half  cad.  What  I  have  now  faid  of  the  fun  is  appli¬ 
cable 
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cable  alfo  to  the  riling  and  fettingmoon.  For  the  fame  reafon,if  we  take  with  Fig- 
an  inftrument  the  diftance  of  two  ftars  when  they  are  in  the  fame  vertical 
and  near  the  horizon,  we  fhall  find  it  confiderably  lefs  than  if  we  meafure  it 
when  they  are  both  at  fuch  an  height  as  to  fuffer  little  or  no  refraction ;  be- 
caufe  the  lower  ftar  is  more  lifted  up.  than  the  higher.  There  is  alfo  another 
alteration  made  by  refraCtion  in  the  apparent  distance  of  ftars :  if  two  ftars 
are  in  the  fame  almicantarah,  or  circle  parallel  to  the  horizon,  their  apparent 
diftance  is  lefs  than  the  true;  for  fince  refraCtion  makes  each  of  them  higher 
in  the  vertical  or  azimuth  in  which  they  appear,  it  mult  bring  them  into 
parts  of  the  vertical  where  they  come  nearer  to  one  another:  thus,  let  the 
ftar  a  be  in  the  vertical  a  z,  the  ftar  b  in  the  vertical  b  z,  their  true  diftance  63 
is  a  b,  an  arc  of  a  great  circle:  fuppofe  a  to  be  lifted  up  by  refraCtion  to  c, 
and  b  to  be  lifted  up  to  d,  their  apparent  diftance  is  now  cd,  lets  than  ab  ; 
for  fince  all  verticals  converge  fo  as  to  meet  in  the  zenith  z,  it  is  manifeft  the 
diftance  between  any  two  verticals  is  diminiftied  as  they  grow  nearer  the  ze¬ 
nith:  this  contraction  of  diftance,  according  to  Dr.  Halley  a,  is  at  the  rate  of 
at  leaft  one  fecond  in  a  degree;  fo  that,  for  example,  if  the  diftance  between 
two  ftars  in  a  pofition  parallel  to  the  horizon  meafures  30°,  it  is  at  moft  to  be 
reckoned  but  290  59  30". 

755  I  have  here  fet  down  four  tables  of  refradhon ,  that  of  ‘Tycho  Braheh , 
which  is  the  oldeft  we  have,  was  made  from  his  own  obfervations;  it  goes 
no  higher  than  to  450,  becaufe  at  greater  altitudes  the  author  tells  us  he  did 
not  find  any  fenfible  refraCtion:  Tycho' s  table  of  the  refraCtion  of  the  ftars  is 
not  much  different  from  thofe  of  Flamjleed  and  Newton,  except  near  the  ho¬ 
rizon;  he  makes  the  refractions  of  the  fun  and  moon  about  4  greater  than 
that  of  the  ftars,  probably  from  fome  falfe  hypothefisc,for  by  comparing  his 
own  obfervations  in  his  hijloria  ccelejtis ,  they  come  out  the  lame,  making  al¬ 
lowance  for  the  fmall  unavoidable  errors  to  which  obfervations  are  liable. 

The  table  of  Cajjini  is  taken  from  les  elemens  d'  ajlronamie  verifiezy  p.  21: 
Flamfteed's  from  his  hijloria  ccelejlis ,  *vol.  1  />.  39b?  and  is  the  refult  of  his 
own  obfervations:  Sir  I/aac  Newton's  table  was  firft  published  in  the  trans¬ 
actions,  n.  368,  may  1721. 

756  The  ufe  of  the  following  tables :  the  apparent  altitude  of  any  of  the 
heavenly  bodies  being  given,  take  from  thence  the  refraCtion,  and  what  re¬ 
mains  is  the  true  altitude:  thus,  if  the  altitude  of  the  fun,  moon,  or  a  ftar 
be  obferved  150,  take  from  thence,  by  Flamjleed's  table,.  3',  the  true  altitude 
is  140  57. 

a  Phil,  tranfacl.  n.  368,  may  &c.  1721.  b  <v.  Tychonis  progymnafmata.  p.  79,  &  280. 

c  Perhaps  from  his  making  the  parallaxes  of  the  fun  ami  moon  about  3  minutes  too  great. 
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256  ASTRONOMY 

Ricciolus ,  befides  treating  largely  of  refraction,  in  his  ahnagefl ,  gives  us 
there  and  in  his  afironomia  reformat <2,  another  table;  wherein,  from  his  own 
obfervations  and  thofe  of  and  others  corrected,  he  lets  down  the  diffe¬ 
rent  refraCtions  of  the  heavenly  bodies,  at  three  different  times  ol  the  year, 
fummer,  winter,  and  the  equinoxes. 

757  RefraCtion  lengthens  the  day  and  fhortens  the  night;  by  making  the 
fun  appear  above  the  horizon  a  little  before  his  riling,  and  a  little  after  his 
fetting:  refraCtion  alfo  makes  the  moon  and  ftars  appear  to  rife  fooner  and 
fet  later  than  they  really  do.  The  apparent  diameter  of  the  fun  or  moon  is 
about-half  degree;  the  horizontal  refraCtion  is  a  little  more  than  that,  as  ap¬ 
pears  by  the  tables;  this  makes  both  fun  and  moon  appear  entire  above  the 
horizon  when  they  are  entirely  below  it. 

758  The  rays  of  the  fun  being  fcattered  over  fome  of  thofe  parts  of  the  air 
which  are  within  our  vifible  horizon  caufe  the  twilight a,  both  morning  and  e- 
vening:  the  morning  twilight  begins  when  the  fun  is  not  more  than  about 
1 8°  below  our  rational  horizon,  for  then  his  rays  firfl:  reach  the  eaftern  parts 
of  the  air  within  our  vifible  horizon:  as  he  grows  nearer  riling,  his  light 
fpreads  farther  round,  and  enlightens  a  larger  portion  of  our  air,  and  it  grows 
lighter  and  lighter,  till  fun-rife :  in  like  manner,  after  fun-fet  the  light  gra¬ 
dually  decreafes,  till  the  fun  is  got  fo  low  that  none  of  his  rays  can  reach  the 
weftern  parts  of  the  air  within  our  vifible  horizon,  or  not  enough  to  caufe  any 
fenfible  light  there;  and  then  the  evening  twilight  ends:  this  happens  when 
the  fun’s  depreffion  below  the  rational  horizon  is  about  1 8°. 

759  There  is  fome  little  difference  in  the  duration  of  the  twilight ,  arifing 
from  the  different  denfity  and  height  of  the  atmofphere;  by  which  the  va¬ 
pours  and  other  particles  that  refleCt  the  light  of  the  fun  are  carried  up  to  a 
greater  height  at  fome  times  than  at  others;  for  the  higher  the  reflecting  par¬ 
ticles  are  railed,  the  lower  may  the  fun  be  deprefl:  and  yet  have  his  rays  reach 
them.  For  this  reafon  the  evening  twilight  ends  at  a  lower  depreffion  of  the 
fun  than  the  morning  twilight  begins  at;  becaufe  the  heat  of  the  day,  by  ra¬ 
tifying  the  air,  raifes  the  reflecting  particles  to  a  greater  height,  whereas  the 
coolnefs  of  the  night,  by  condenfing  the  air,  brings  them  down  nearer  to  the 
earth:  this  caufes  the  evening  twilight  to  be  longer  than  the  morning,  at  the 
fame  time  of  the  year  in  the  fame  place.  For  the  fame  reafon  the  twilight  is 
longer  in  hot  weather  than  in  cold,  as  alfo  in  hot  countries  than  in  cold,  o- 


a  It  is  called  the  twilight  as  being  between  or  partaking  of  two  lights,  the  light  of  the  fun  and  that  of 
the  liars;  <v.  Skinneri  etyrnolog.  The  latin  word  crepufculum  is  from  its  being  doubtful  whether  it  be  day  or 
night:  res  dubie.  creper a  ruoca/itur,  Cenforinus :  <i/.  Voflii  etymolog.  The  begining  of  the  morning  twilight 
is  commonly  called  the  day-break,  day-fpring,  or  dawning  of  the  day. 
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ther  circumftances  being  the  fame:  Ricciolus  at  Bologna  obferved,  at  the  e- 
quinoxes,  the  duration  of  the  twilight  in  the  morning  to  be  1  hour  and  47 
minutes 5  in  the  evening  2  hours:  and  that  the  evening  twilight  did  not  end 
till  the  fun  was  above  2 o°  below  the  horizon a:  however  the  differences  in 
the  fame  country  arifing  from  this  caufe  are  fo  fmall  that  they  are  generally 
not  taken  notice  of. 

760  Belides  thefe  phyftcal  differences ,  as  they  may  be  called,  in  the  dura¬ 
tion  of  the  twilight,  arifing  from  the  different  conlfitution  of  the  air,  there 
are  other  aftronomical  differences ;  which  are  owing  to  the  different  fituations 
of  places  upon  the  earth,  or  to  the  difference  of  the  fun's  place  in  the 
heaven:  if  a  place  is  fituated  in  a  parallel  fphere,  or  near  to  it,  the  appa¬ 
rent  motion  of  the  fun  being  parallel  to  the  horizon  or  nearly  parallel,  he 
will  be  carried  round  for  fome  months  at  a  lefs  depreflion  than  180;  and 
therefore  fo  long  will  the  twilight  laft:  in  a  right  fphere,  the  twilight  is  fhort¬ 
efl:;  becaufe,  the  fun  rifing  and  fetting  at  right  angles  to  the  horizon,  the  chan¬ 
ges  of  his  depreffion  are  made  in  the  fhortefl  times:  in  any  place  in  an  oblique 
fphere,  the  nearer  the  place  is  to  one  of  the  poles  the  longer  are  the  twilights; 
becaufe  the  cafe  comes  the  nearer  to  that  of  a  parallel  fphere.  As  to  the  different 
places  of  the  fun,  the  twilights  are  longefl  in  all  places  which  are  in  north 
latitude,  when  the  fun  is  in  the  tropic  of  cancer;  in  fouth  latitude,  when  he 
is  in  the  tropic  of  capricorn:  the  time  of  the  fhortelt  twilight  is  different  in 
different  latitudes:  with  us  in  England,  the  fhortefl;  twilights  are  about  the 
latter  end  of  feptember,  and  the  latter  end  of  february  b. 

761  Ricciolus c  gives  us  a  table  of  the  duration  of  the  twilight ,  at  different 
times  of  the  year,  in  different  latitudes:  but,  as  the  differences  of  latitude  are 
therein  fet  down  in  no  orderly  progreffion,  I  have  here  inferted  a  new  and 
more  methodical  table,  calculated  upon  a  fuppofition  that  the  twilight  begins 
and  ends  when  the  fun  is  1 8°  below  the  horizon :  the  letters  c.  d.  fignify  that 
it  is  then  continual  day  without  night:  c.  n.  continual  night  without  either 
day  or  twilight:  w.  n.  that  the  twilight  then  lafts  the  whole  night:  thus  for 
inftance,  when  the  fun  is  in  K  or  m,  that  is,  about  the  10th  of  february,  and 
about  the  10th  of  odtober;  the  twilight,  in  the  latitude  of  S2i°  ‘ls  2  hours:  in 
the  latitude  of  70°  it  is  3  hours  41'. 

The  table  fhews  how  the  duration  of  the  twilight  increafes  as  the  latitude 
is  greater;  which  is  a  very  providential  relief  to  the  inhabitants  of  the  coun¬ 
tries  near  the  pole,  in  their  very  long  winter  nights. 

a  almageji.  1.  I  c.  3  1 .  b  How  to  find  the  (hotted  twilight,  may  be  feen  in  Gregorys  aflrcnomy 

book  2  prop.  41:  and  Ksll,  left.  20*  c  almageji.  1.  1  c.  31. 

K  k 


A  table 


258  ASTRONOMY  book  2. 

A  table  of  the  duration  of  the  twilight  in  different  latitudes. 
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762  The  twilight  has  hitherto  been  confidered  only  as  it  is  caufed  by  the 
light  of  the  fun  himfelf  refle&ed  to  us;  but,  befides  this,  the  body  of  the  fun 
is  encompaffed  with  a  fphere  of  light,  which  is  either  the  ether  that  imme¬ 
diately  furrounds  him  heated  to  fuch  a  degree  as  to  become  luminous,  or  the 
funs  atmofphere ,  confining  of  fiery  particles  emitted  from  his  body,  but  re¬ 
tained  near  him  by  attraction:  this,  being  of  larger  dimenfions  than  the  fun, 
muff  rife  before  him,  and  let  after  him;  and  conlequently  lengthens  the  twi¬ 
light,  by  illuminating  our  air,  when  the  fun  is  at  too  low  a  deprefhon  to 
reach  it  with  his  own  light:  this  is  alfo  the  caufe  that  the  riling  fun  is  pre¬ 
ceded  by  a  luminous  fegment  of  a  circle,  in  the  eaft,  different  from  the  light 
which  the  atmofphere  reflects  from  the  body  of  the  fun:  the  like  to  this  may 
be  obferved  in  the  weft,  juft  after  fun-fet.  Greg.  aftr.  book  2  prop.  3. 

763  7 he  height  of  the  atmofphere ,  that  is  of  fuch  parts  of  it  as  are  denfe 
enough  to  reflect  the  fun’s  light,  may  be  determined,  by  knowing  at  how 
low  a  depreftion  of  the  fun  the  twilight  begins  or  ends :  u  Ricaol.  almageft.  /.  1 
c.  3 1.  fuppofing  that  depreftion  of  the  fun  to  be  z8°,  the  height  of  the  atmo¬ 
fphere 
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fphere  is  about  40  milesa.  CaJJtnih  is  of  opinion  that,  in  fettling  the  durati-  Fig. 
on  of  the  twilight,  albronomers  have  made  it  too  long;  by  milbaking  for 
part  of  it  a  light  which  accompanies  the  fun  in  his  progrefs  through  the  e- 
cliptic c:  he  alferts  the  depreffion  of  the  fun  at  the  beginning  of  the  morning 
and  end  of  the  evening  twilight  to  be  but  170:  the  height  of  the  atmofphere 
would  from  this  fuppolition  be  but  37  miles:  and  it  lliould  feem  that  this 
is  flill  lefs,  becaufe  of  the  fun’s  atmofphere,  §  762. 

Additions  to  the  foregoing  chapter . 

764  There  are  three  reafons  why  the  horizontal  refraction  is  the  greateib : 

1  a  ray  from  any  of  the  heavenly  bodies  when  they  are  in  the  horizon  falls 
with  the  greateib  obliquity  upon  the  fpherical  furface  of  the  atmofphere:  2 
an  horizontal  ray  paifes  through  the  thickeft  vapours:  3  h  p^flbs  thiough  the 
largeib  fpace  of  thick  vapours:  thus,  fig.  64,  a  ray  coming  from  a  ibar  at  z  in  64 
the  zenith  pafies  only  through  the  line  b  a  of  the  atmoiphere,  whereas  a  lay 
coming  from  a  ibar  at  h  in  the  horizon  paifes  through  the  line  c  a  of  the 
atmofphere,  which  is  almoib  14  times  as  long  as  the  line  ba:  this  excels 

of  c  a  above  b  a  is  not  reprefented  in  any  tolerable  proportion  in  the  figure, 
nor  indeed  can  bej  becaufe  in  fo  fmall  a  compafs  the  eaith  cannot  be  exhi¬ 
bited  large  enough  for  the  atmofphere. 

765  The  great  length  which  an  horizontal  ray  goes  through  thick  vapours 
is  the  reafon  that  the  fmall  ibars  arefometimes  invifible  near  the  horizon  j  and 
that  the  fun  may  be  looked  upon  without  hurting  our  eyes,  at  riling  and  let¬ 
ting  j  becaufe  much  of  his  light  is  reflected  back:  the  lun  neai  the  horizon 
looks  red,  becaufe  the  red-making  rays  which  are  iealb  refrangible  are  alfo 
leafl:  inflexible;  and  therefore  pafs  in  the  greatefl:  quantity  through  thofe  va¬ 
pours  by  the  particles  of  which  the  relb  of  the  lun  s  light  is  reflected  back  a- 
gain  into  the  ether. 

766  In  §  757  I  faid  refraCbion  lengthens  the  days:  this  it  does  a  little  in 
every  place,  but  near  either  of  the  poles  this  effeCt  of  refraCtion  is  very  con- 
fiderable;  caufing  the  fun  to  appear  fome  days  above  the  horizon,  when  he 
is  really  below  it:  almoib  every  body  who  writes  upon  this  fubjeCt  takes  no¬ 
tice  of  that  extraordinary  refraCtion,  amounting  to  feveral  degrees,  which 
gave  fome  Hollanders  who  wintered  f).  139^  in  bsova  Zemiua,  in  ih»~ 
latitude  of  76°,  a  fight  of  the  fun  17  days  fooner  than  by  the  theory  he  ought 
to  have  appeared  to  them:  fome  have  thought,  that  the  Hollanders  mifreck- 
oned  either  their  latitude  or  their  time  ;  but  their  account  appears  too  accu- 

a  See  §  767.  b  Deco-verte  de  la  lumiere  cclejle  &c  pag.  5  2  ed.  Par.  c  Of  which  I  fhall  treat  hereafter. 

K  k  2  rate 
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h  ig.  rate  to  admit  of  fuch  a  fufpicion:  the  caufe  of  fo  great  a  refraction  was  pro¬ 
bably  the  very  great  condenfation  of  the  air,  in  that  extreamly  cold  region, 
during  a  night  of  above  three  months  continuance.  Kepi.  afir.  opt. p.  138. 

Remarks  upon  §  763. 

65  767  In  the  65th  figure  let  aefg  be  the  earth,  the  pointed  circle  fur¬ 

rounding  it  the  outward  furface  of  the  atmofphere,  the  height  of  which  d  b 
is  to  be  found:  let  a  be  the  place  of  an  obferver,  ho  his  fenfible,  h  o  his  ra¬ 
tional  horizon:  let  1  k  l  m  be  the  fun,  e  n  g  the  fliadow  of  the  earth,  1  b  a 
ray  from  the  upper  edge  of  the  fun,  touching  the  earth  in  e,  and  falling  up¬ 
on  the  outward  furface  of  the  atmofphere  at  b,  from  whence  it  is  retfeded 
to  the  eye  of  the  obferver  at  a,  in  the  line  of  his  fenfible  horizon  b  a;  the 
fun,  being  larger  than  the  earth,  illuminates  a  little  more  than  an  hemifphere 
thereof,  reprefented  by  the  arc  efg,  which  is  1800  32*,  whofe  half  e  f  is 
90°  16',  as  is  alfo  the  angle  ecs:  o  c  s  is  the  fun’s  deprefiion,  which  is  180 
by  obfervation,  this  being  taken  from  ecs  leaves  eco  720  16' :  now  fince 
z  c  o  or  A  c  o,by  the  definition  of  the  horizon, is  90°,  ace  complement  to  e  c  o 
is  1 70  44:  and  the  half  of  a  c  e  viz.  d  c  a  f  is  8°  52  :  here  then  is  a  right- 
angled  triangle  bac,  with  one  acute  angle  bca  and  one  fide  ac  known  ;  and 
therefore,  by  §  143,  the  ratio  of  any  one  fide  to  any  other  may  be  found.  If 
A  c  be  made  radius  b  c  will  be  the  fecant  of  the  angle  b  c  a  of  8°  52^  fay 
then  as  10000000  to  10120948,  fo  is  396 7-  the  number  of  miles  contain¬ 
ed  in  the  earth’s  femidiameter  to  a  fourth  number,  which  is  4015I,  the 
number  of  miles  from  the  center  of  the  earth  to  the  outward  furface  of  the  at¬ 
mofphere;  from  which  take  the  earth’s  femidiameter  3967^  miles,  the  re¬ 
mainder  48  miles  is  the  height  of  the  atmofphere  above  the  furface  of  the 
earth.  In  this  calculation  no  allowance  is  made  for  refraction,  which  in  the 
horizon  is  about  34  ,  lo  much  therefore  mufl  the  angle  bca  be  diminished, 

65  *  The  angles  e  c  f  and  e  c  n  together  are  equal  to  two  right  angles  or  i8o°,  Eucl.  1.  \  prop.  13.  ecf 

muil  theiefore  exceed  90°  as  much  as  e  c  n  wants  of  90°  :  now  in  the  right  angled  triangle  cen  the  angle 
e  c  n  mull  want  as  mnch  ol  a  right  angle  as  c  n  e  amounts  to,  §  55,  that  is  as  much  as  the  apparent  femi¬ 
diameter  of  the  lun  1  n  s  viewed  from  n  the  vertex  of  the  cone  of  the  earths  ihadow  would  be  :  the  fhadow 
Gi  the  eai  th  reaches  but  a  little  farther  from  the  earth  than  the  moon,  which  dillance  from  the  earth  is  in 
a  manner  in.enlibie,  compared  with  the  vail  dillance  of  the  fun  from  the  earth ;  lo  that  we  may  alfume 
the  fun  s  appaient  femidiameter  viewed  from  n  the  fame  as  we  fnd  it  viewed  from  the  earth  at  f,  this  by 
obfervation  is  at  the  fun’s  middle  dillance  16';  therefore  e  c  f  is  90°  16'. 

()  r  1  triangles  bac  and  bec  are  right  angled  by  §  28,  the  fides  a  c  and  e  c  are  equal  by  §  23,  the 
fac  b  c  is  common,  and  hypotenufe  in  both,  whole  iquare  is  equal  to  the  lquares  of  b  e  and  e  c  and  to  the 
fqua.es  of  b  a  and  a  c  by  Eucl.  book  1  p>-op  47,  but  a  c  and  e  c  being  equal  their  fquares  are  equal,  where¬ 
fore  the  fquares  ot  be  and  b  a  mult  be  equal  ;  and  confequently  the  fides  b  e  and  b  a  themlelves  are  e- 
qrul .  lo  that  the  triangles  bec  and  bac  are  mutually  equilateral,  and  therefore  mutually  equiangular,  by 
Eucl  book  1  prop.  8 ;  that  is,  the  angle  b  c  e  is  equal  to  the  angle  bca. 


this 
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this  brings  it  to  8°  18',  the  fecant  of  which  is  10105851;  from  whence  the 
height  of  the  atmofphere  comes  out  42  miles* 


CHAP.  14.  THE  SUN’S  DISTANCE  FROM  THE  EARTH  VARIABLE; 
THE  SUN’S  APOGEE  AND  PERIGEE:  THE  CAUSES  OF  THE  HEAT 
IN  SUMMER:  THE  sun’s  APPARENT  DIAMETER  VARIABLE. 

768  How  the  earth  goes  round  the  fun  in  an  ellipfts,  in  one  ofthefocufes 
of  which  the  fun  is  placed,  has  been  explained,  book  2  chap.  7;  one  confe- 
quence  of  this  is,  that  the  funs  apparent  annual  motion  is  the  fame  as  if  he 
were  carried  round  the  earth  in  an  ellipfts,  in  one  of  the  focufes  of  which 
the  earth  were  placed.  As  we  call  the  point  of  the  earth’s  elliptic  orbit  where 
die  is  fartheft  from  the  fun  her  aphelion,  fo  we  call  the  point  in  the  ecliptic 
wherein  the  fun  then  appears  the  fun  s  apogee ;  becaufe  he  is  then  fartheft  from 
the  earth:  in  like  manner,  when  the  earth  is  in  her  perihelion,  or  neareft 
to  the  fun,  we  call  the  point  of  the  ecliptic  wherein  the  fun  then  appears 
the  funs  perigee ;  becaufe  he  is  then  at  his  leaft  diftance  from  the  earth:  it  is 
eafy  to  fee  that  the  fun’s  apogee  is  oppoftte  to  the  earth’s  aphelion ;  and  the 
fun’s  perigee  oppofite  to  the  earth’s  perihelion.  As  the  longitude  of  the  fun’s 
apogee  is  reckoned  from  the  point  T,  §  661,  it  muft  increafe  50"  in  a  year; 
becaufe  the  point  r  moves  fo  much  backwards  contrary  to  the  order  ot  the 
figns,  as  was  faid  §  657 a.  The  place  of  the  fun’s  apogee  is  this  prefent  year 
1740  in  8°  25'  of  $  ;  the  place  of  his  perigee  in  8°  25'  of  V.  the  fun  is 
therefore  in  apogee  in  june;  in  perigee  in  december:  thus  it  appears  that  the 
fun  is  nearer  the  earth  in  our  winter  than  in  our  fummer.  The  fun  being 
nearer  to  the  earth  in  winter  than  in  fummer,  it  may  feem  ftrange  to  fome 
perfons  that  the  winter  fhouldbe  colder  than  the  fummer;  the  caufes  of  this, 
are  now  to  be  enquired  into. 

769  One  caufe  of  the  heat  of  the  fun  being  greater  with  us  in  fummer 
than  in  winter  is,  his  having  then  a  greater  altitude  above  our  horizon;  fo 
that  his  rays  fall  nearer  to  a  perpendicular  upon  thole  parts  of  the  earth 
which  are  round  about  us:  we  may  conftder  the  heating  particles  that  come, 
from  the  fun  as  an  innumerable  multitude  of  inconceivably  little  balls,  conti¬ 
nually  fhot  from  his  body,  every  way:  if  they  caufe  heat  in  the  bodies  upon 
which  they  fall,  by  ftriking  upon  their  lurfaces,  the  more  directly  they 

a  Whether  the  place  of  the  earth’s  aphelion,  and  confequently  of  the  fun’s  apogee,  be  invariable  in  re- 
fpe&  of  the  fixt  liars  or  not,  is  controverted  by  altronomers.  Ricciol.  aim.  1.  3.  c.  25.- 
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FiG.drike  upon  them,  the  greater  is  the  force  of  the  percuffion;  and  the  more 
intenfe  will  the  heat  be:  on  the  other  hand,  the  more  obliquely  they  fall  up¬ 
on  the  furfaces  of  bodies,  the  weaker  is  the  droke;  and  the  lefs  the  heat  cau- 
fed  thereby.  See  the  remarks  §  777. 

770  Another  reafon  why  any  body  is  lefs  heated  the  more  obliquely  the 
heating  particles  fall  upon  its  furface  is,  that  they  are  the  more  thinly  fpread 

66  thereon,  by  fuch  obliquity:  thus,  let  a  b  c  d  be  an  hole  of  a  foot  fquare  in  a 
board  placed  fo  as  to  receive  the  fun's  rays  perpendicular  upon  it;  if  a  plane 
of  larger  dimenlions  be  placed  behind  the  board,  near  it  and  parallel  to  it,  fo 
as  to  receive  the  rays  coming  through  the  hole  perpendicular  alfo,  they  will 
cover  an  area  a  foot  fquare,  as  abed:  if  the  plane  be  held  obliquely  to  the 
rays,  they  will  cover  an  area  of  the  fame  breadth  as  before,  but  of  a  great¬ 
er  length;  fuppofe  the  plane  to  be  held  fo  as  to  receive  the  rays  with  fuch  o- 
bliquity  that  they  (hall  cover  an  area  one  foot  in  breadth,  and  two  feet  in 
length,  in  this  cafe  it  is  manifed  the  heating  particles  falling  upon  an  area 
twice  as  large  mud:  be  fpread  proportionably  thinner  thereon;  and  confe- 
quently  they  will  caufe  but  half  fo  much  heat. 

77 1  Another  reafon  why  the  weather  is  hotter  in  fummer  than  in  winter 
is  this,  that  heat  is  not  produced  in  bodies  by  the  fun  indantaneoufly,  or  all 
at  once,  nor  do  the  effects  of  the  heat  of  the  fun  ceafe  immediately,  upon 
his  rays  being  intercepted;  as  is  the  cafe  of  light,  which  is  fpread  or  flopped 
in  a  moment:  the  heating  particles  operate  gradually,  and  their  force  decrea- 
fes  alfo  gradually;  and  therefore  the  longer  any  body  is  expofed  to  the  rays 
of  the  fun  the  hotter  it  grows;  and  the  hotter  any  body  is  the  longer  it  is  in 
cooling:  now  in  fummer  there  are  more  hours  in  the  day  for  the  fun  to  heat 
the  earth  in,  than  the  night  has  to  cool  it  again;  in  the  winter,  on  the  contra¬ 
ry,  the  nights  are  long,  and  the  days  fhort:  and  this  will  account  for  a  good 
deal  of  the  difference  as  to  heat  and  cold  between  thofe  two  feafons. 

772  Since  the  heating  power  of  the  dm  is  greatefl  when  his  rays  fall  mod 
diredtly  upon  us,  §  769,  770,  and  when  the  days  are  longed,  §  771,  it  may 
be  imagined  that  the  hotted  weather  ought  to  be  about  the  10th  ofjune,  when 
the  fun  is  in  the  tropic  of  cancer;  for  then  the  fun  comes  neared  to  our  ze¬ 
nith,  and  continues  the  longed  above  our  horizon  :  but  we  dnd  by  experience 
that  our  greated  heats  are  generally  above  a  month  after  this,  about  the  end 
of  july,  when  the  lun's  altitude  is  a  little  diminifhed,  and  the  days  fendbly 
fhortened:  this  time  is  called  the  dog-days ,  becaufe  the  dog-dar,  the  larged 
and  brighted  dar  in  the  firmament,  riling  with  the  fun  at  that  time,  was  by 
mod  of  the  ancients  believed  to  be  the  caufe  of  the  extraordinary  heats  of 
that  feafon;  though  fome  of  them,  with  better  judgement,  thought  his  thus 
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rifing  only  pointed  out  the  time  of  the  year  when  the  weather  is  ufually  hot¬ 
ted:.  I  {hall  treat  farther  of  the  dog-days  hereafter. 

773  To  find  the  true  caufe  of  this,  we  muff  remember  what  was  (aid  §771, 
that  the  earth  is  not  heated  by  the  fun  inffantaneoufiy,  nor  is  it  cooled  all  at 
once:  but  the  heating  particles  ftreanftng  from  the  fun  fall  upon  the  parts  of 
any  folid  body,  or  penetrate  into  its  pores,  in  a  continual  fucceflion  ;  and 
therefore  every  moment  an  addition  is  made  to  the  heat  before  excited:  this 
addition  is  made,  by  the  heating  particles  coming  on  fader  than  they  fly  off, 
or  than  their  heating  power  is  deftroyed;  or  by  their  continuing  to  commu¬ 
nicate  farther  degrees  of  motion  to  the  already  agitated  particles  of  the  heat¬ 
ed  body:  perhaps  both  thefe  caufes  combine  to  increafe  heat.  In  the  abfence 
of  the  fun,  the  heat  of  the  earth  gradually  decreafes;  becaufe  fome  of  the 
heating  particles  fly  off,  and  are  reflected  back:  others  are  abforbed  into  the 
pores  of  the  bodies  heated  by  them,  and  attracted  by  and  clofely  united  to 
their  folid  parts;  and  fo  gradually  lofe  their  motion,  which,  by  being  conti¬ 
nually  communicated  to  more  and  more  particles  of  matter,  becomes  at  lad 
infenfible.  Now  in  whatever  degree  the  parts  of  the  earth  round  the  place 
where  we  inhabit  are  heated,  at  the  fummer  folflice,  by  the  days  continual¬ 


ly  lengthening  from  the  preceding  winter  to  that  time,  their  heat  will  con¬ 
tinue  to  be  {till  farther  increafed  for  fo  long  time  as  there  is  every  day  an  ad¬ 
dition  of  a  greater  quantity  of  heat  than  is  loft  in  the  night  immediately  pre¬ 
ceding;  though  the  additions  are  every  day  lefs  and  lefts :  this  is  ufually  for 
above  a  month  after  the  longeft  day.  From  the  foregoing  reafoning,  we  may 
fee  alfo  how  it  comes  to  pals  that  the  hotteft  time  of  the  day  is  not  at  noon, 
though  the  fun  be  then  higheft;  but  about  two  hours  after. 

774  When  I  fpeak  of  the  heating  particles  ftreaming  from  the  fun,  I  know 
that  fome  imagin  fire  to  be  a  fubtle  matter,  diffuled  through  the  univerfe;  and 
that  the  adtion  of  the  fun  upon  it  caufes  the  heat  which  we  feel  in  fun-fhine: 
I  have  no  occafion  to  enter  into  this  controverfy,  the  force  of  the  fun  will  be 
greater  the  higher  he  is,  and  the  longer  he  is  above  our  horizon;  whether  he 
pours  upon  us  heating  particles  thrown  off  from  his  own  body,  or  only  impells 
the  particles  of  fire  diffuled  through  our  air. 

773  The  fun’s  apparent  diameter  is  greater  the  nearer  he  is  to  the  earthy 
and  confequently  greateft  in  december,  leaft  in  june,  by  §  76  8. 

The  following  table  (hews  the  fun’s  apparent  diameter  for  every  10th  day 
throughout  the  year:  it  is  taken  from  conoijjance  dot  temps ,  only  I  have  fet 
down  the  days  of  the  month  in  old  ftyle.  ru.  dd  Ccijjini 
p.  22,  &  Flamjieed.  hijior.  cceleji . 
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A  table  of  the  apparent  diameters  of  the  fun. 


d. 

1 

it 

d. 

1 

it 

d. 

/ 

it 

d. 

1 

rt 

Jan, 

9 

32 

4P 

April 

9 

3  1 

56 

Ju>y 

9 

3  1 

40 

Odto. 
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Remarks  upon  §  768. 

776  In  computing  the  fun’s  place  in  the  ecliptic,  aftronomers  often  reck¬ 
on  his  diftance  from  the  point  of  his  apogee;  which  diftance  is  called  the  funs 
anomaly  a:  and  is  either  the  mean  or  the  true.  Rhe  funs  mean  anomaly  is  his 
diftance  from  his  apogee,  computed  upon  a  fuppofition  that  his  motion  has 
been  all  the  while  equable:  the  funs  true  anomaly  is  his  true  diftance  from  his 
apogee,  computed  by  making  allowance  for  the  unequability  of  his  motion: 
the  fun’s  true  motion  being  fometimes  fwifter  fometimes  flower  than  his 
mean  motion;  in  order  to  find  his  true  from  his  mean  anomaly,  we  mu  ft 
fometimes  add  to  his  mean  motion,  and  fometimes  fubtradt  from  it:  this  o- 
peration  is  called  proflhaph^refisi  a  greek  compound  word  which  flgnifies 
addition  and  fubtradtion. 


Remarks  upon  §  769. 

777  If  two  equal  bodies  ftrike  upon  a  plane  with  equal  forces,  but  in  dif¬ 
ferent  angles,  the  ftrength  of  their  ftrokes  will  be  as  the  fines  of  thofe  angles: 
now  the  radius  or  whole  fine  is  the  greateft  of  all  the  fines,  and  therefore  a 
perpendicular  ftroke  is  the  ftrongeft;  and  the  ftrength  of  any  oblique  ftroke, 
cceteris paribus ,  decreafes  in  the  fame  ratio  as  the  fine  of  the  angle  does:  the 
meridian  height  of  the  fun  at  the  fummer  folftice  is  with  us  at  Cambridge  6  i° 
19',  his  height  at  the  winter  folftice  is  I4°2 1  b,  the  fine  of  6i°i9  is  8772858, 


a  The  word  fignifies  irregularity,  or  unequability,  in  greek  ouufSjctXicc,  and  is  ufed  in  this  cafe  becauic 
the  fun  s  apparent  motion  is  more  or  lets  equable  according  to  his  diftance  from  his  apogee ;  for  it  is  flovycft 
in  his  apogee,  quickeft  in  perigee,  and  mean  at  his  mean  diftances  from  the  earth. 

b  I  here  fuppofe  the  latitude  of  Cambridge  52°  io',  as  found  by  late  obfervations ;  that  in  the  table  $  331 
was  from  Streete' s  ajlronomia  Carolina ,  but  he  does  not  tell  us  his  author. 


the 
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the  fine  of  i4°2i'  is  2478445;  the  fun’s  heat  then  at  noon  at  the  fummer  fol- 
ftice  is  to  his  heat  at  noon  at  the  winter  folllice  as  8772858  to  2478445;  that 
is  nearly  as  100  to  28. 


CHAP.  15.  THE  COLURES:  RIGHT  ASCENSION:  OBLIQUE  ASCENSI¬ 
ON:  ASCENSIONAL  DIFFERENCE:  THEIR  USES. 

778  We  have  already  feen,  that  many  of  the  motions  of  the  heavenly  be- 
dies  are  not  equable;  we  may  however  reafonably  fuppofe  the  rotation  of 
the  earth  round  her  axis  to  be  equable:  no  difcovery  having  been  hitherto 
made  to  the  contrary.  Kepler a  imagined  the  earth’s  rotation  was  quicker  in 
her  perihelion  than  in  her  aphelion ;  this  opinion  was  owing  partly  to  his 
believing  the  fun’s  rotation  round  his  axis  to  be  the  caufe  of  the  rotation  of 
the  earth,  and  partly  to  fome  irregularities  in  the  motions  of  the  moon,  which 
he  could  not  other  wife  account  for:  but  thefe  irregularities  will  appear  to 
belong  to  the  moon  herfelf,  when  we  come  to  treat  of  her  motions.  Since 
Kepler  s  time,  clocks  have  been  brought  to  fuch  a  degree  of  perfection,  by 
the  inventions  of  Huygens ,  as  to  prove  that  the  rotations  of  the  earth  are  all 
performed  throughout  the  year  in  equal  times  b.  It  may  perhaps  admit  of 
fome  doubt,  whether,  fince  the  parts  of  the  earth  towards  her  lurface  are 
not  every  where  of  the  fame  denfity,  the  attractions  of  the  fun  and  moon  do 
not  caufe  fome  inequality  in  the  rotation  of  the  earth ;  l'o  as  to  accelerate  it 
when  fome  parts  of  the  earth  are  coming  towards  the  fun  or  moon,  and  retard 
it  when  they  are  turning  from  them.  Hookc  feems  to  have  thought  he  had 
difcovered  fome  inequality  in  the  diurnal  motion  of  the  earth;  but  refers  the 
matter  to  farther  experiments,  to  be  made  by  obferving  with  an  accurate 
clock,  whether  liars,  when  very  near  the  zenith,  and  confequently  out  of 
the  reach  of  fenlible  refra-Ction,  go  through  equal  arcs  of  the  parallel  of  their 
apparent  diurnal  motion  in  equal  times,  or  not :  if  there  be  any  fuch  inequa¬ 
lity  it  would,  how  fmall  lbever,  hinder  the  fettling  the  places  of  the  liars 
exaCtly  by  their  tranfits. 

779  From  the  equability  of  the  rotation  of  the  earth  it  follows,  that  the 
apparent  diurnal  motion  of  the  heaven  is  equable  aifo:  this  motion  there¬ 
fore,  which  is  fometimes  called  the  motion  of  the  primum  mobile ,  and  is 
made  in  the  plane  of  the  equator  and  circles  parallel  to  it,  is  very  proper  for 

a  Kepi.  epit.  ajiron.  p.  108,  286,  5505  574,  722.  b  Halleius  in  (raj at u  de  emendatione  lunarie 

thcorix .  c  See  Hook's  pofthuuious  works,  p.  545. 
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a  ffandard,  by  which  other  motions  in  the  heaven  may  be  meafured:  for  this 
reafon,  and  others  that  will  appear  in  the  fequel,  the  celeftial  equator  is  of 
^reat  account,  in  our  enquiries  into  the  places  and  motions  of  the  heavenly 
bodies:  that  circle  is  fuppofed  to  be  divided  into  360  degrees,  beginning  at 
the  point  r,  or  the  point  of  the  vernal  equinox,  proceeding  round  accord- 
ins  to  the  order  of  the  figns ;  and  each  degree  to  be  fubdivided  into  minutes 
and  ieconds,  &c. 

780  We  may  imagine  a  fecondary  of  the  equator,  or  circle  of  declination, 
to  be  drawn  through  any  point  of  the  equator:  the  principal  fecondaries  of 
the  equator  are  the  two  colures ,  one  of  which  is  drawn  through  the  equi¬ 
noctial  points  r  and  and  called  the  equinoctial  colure ;  the  other  is  drawn 
through  the  folftitial  points  $  and  T,  and  called  the foljlitial  colure:  the  ufe 
of  the  colures  is  to  mark  out  the  four  cardinal  points  of  the  ecliptic;  at  which 
when  the  fun  arrives  the  four  feafons  of  the  year  begin.  Since  the  point  T 
changes  its  place  50"  every  year,  the  other  cardinal  points  muff  alfo  change 
their  places  as  much;  and  confequently  the  colures  alio  change  their  fituati- 
ons  in  the  fphere  of  the  heaven ;  and  this  change,  though  not  ieniible  in  a  tew 
years,  becomes  in  a  great  number  of  years  very  confiderable:  thus  the  iitua- 
tion  of  the  colures,  is  found  to  be  very  different  now  from  what  it  was  2000 
years  agoa.  The  colures  have  that  name  from  the  greek  word  xoAos  maimed, 
and  a  tail;  becaufe,  in  every  place  in  north  latitude,  their  lower  parts 
that  are  within  the  antarCtic  circle,  defcribed  §  348,  are  cut  off  by  the  hori¬ 
zon;  fo  as  never  to  be  feen.  Achilles  Tatius  cap.  27  de  coluns. 

781  The  motion  of  the  equinoctial  points,  defcribed  §  657,  is  called  the 
precejjion  of  the  equinoxes b;  becaufe  it  is  in  antecedentia ,  that  is  from  a  follow¬ 
ing  hgn  towards  a  preceding  one,  as  from  aries  towards  pilces,  6cc:  by  fome 
it  is  called  the  regreffion  or  going  back  of  the  equinoxes,  becaufe  it  is  contra¬ 
ry  to  the  order  of  the  figns:  this  retrograde  motion,  by  carrying  the  equino¬ 
ctial  points  to  meet  the  fun  as  he  comes  along  the  ecliptic  in  his  apparent 
annual  motion,  makes  him  arrive  at  them  and  caufe  the  general  equinoxes, 
a  little  fooner  every  year  than  he  would  do  if  thofe  points  continued  im¬ 
moveable:  thus,  the  arc  of  regreffion  being  50"  a  year  makes  the  equinoxes 
happen  20'  in  time  fooner  than  they  otherwife  would  do. 

782  Another  confequence  of  the  preceffion  of  the  equinoxes,  and  what  is 
chiefly  to  be  confidered  in  this  place  is,  that  the  celeftial  equator  and  its  poles 
are  continually  changing  their  iituations  among  the  fixt  ftars;  and  therefore, 

a  Newton's  chronology  p.  88,  91.  b  Hipparclio  apud  Ptolemamm,  /^ux^ruri',  run  nrvjwi- 

f  »&)»•  Copemico,  anticiputio  -vel  pr&cejjio  &quino8hru>n. 

whenever 
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whenever  we  fpeak  of  the  diflance  of  any  flar  from  the  equator  or  poles,  we 
mull  be  underflood  to  mean  the  equator  and  poles  as  they  are  fituated  at  the 
time  of  the  obfervation:  but,  the  change  now  mentioned  is  fo  very  flow,  that, 
in  mofl  cafes  of  common  ufe,  we  may  confider  the  equator  and  poles  as  if 
for  a  fmall  number  of  years  they  continued  immoveably  the  fame. 

783  The  ufe  of  fecondaries  of  the  equator  is  to  fhew  the  places  of  liars, 
or  of  any  points  in  the  heaven,  in  refpedt  of  the  equator;  in  the  fame  man¬ 
ner  as  the  fecondaries  of  the  ecliptic  fhew  their  places  in  refpedt  of  the  eclip¬ 
tic:  the  arc  of  a  fecondary  of  the  ecliptic,  or  circle  of  latitude,  contained  be¬ 
tween  a  ftar  and  the  ecliptic  is  called  the  latitude  of  that  flar;  the  arc  of  a 
fecondary  of  the  equator,  or  circle  of  declination,  contained  between  a  flar 
and  the  equator  is  called  the  declination  of  that  flar:  an  arc  of  the  ecliptic 
reaching,  according  to  the  order  of  the  figns,  from  the  point  V  to  the  point 
where  the  ecliptic  is  cut  by  a  circle  of  latitude  drawn  through  a  liar  is  called 
the  longitude  of  that  flar;  an  arc  of  the  equator  reaching,  according  to  the 
order  of  the  figns,  from  the  point  r  to  the  point  where  the  equator  is  cut  by 
a  circle  of  declination  drawn  through  a  flar  is  called  the  right  afcenfion  of  that 
flar:  thus  we  fee  that  declination  and  right  afcenfion  are  the  fame  in  refpeit 
of  the  equator,  as  latitude  and  longitude  are  in  refpedl  of  the  ecliptic a.  La¬ 
titude  of  flars  has  been  treated  of,  §  646:  longitude,  §  659:  and  declination, 

§  340:  right  afcenfion  only  remains  to  be  farther  explained. 

784  When  aflronomers  conlider  what  point  of  the  equator  comes  to  the 
eaflern  part  of  the  horizon,  and  confequently  rifes  at  the  fame  time  with  a 
flar,  they  fay,  the  afcenfion  of  a  flar  is  an  arc  of  the  equator  which,  proceed¬ 
ing  from  the  point  r,  or  the  point  of  the  vernal  equinox,  according  to  the 
order  of  the  figns,  is  contained  between  the  point  r  and  the  point  of  the 
equator  that  rifes  with  that  flar:  afcenfion  is,  according  to  the  different  por¬ 
tion  of  the  fphere,  right,  or  oblique. 

Scholium.  This  is  a  compendious  way  of  fpeaking,  as  Kepler  epit.  ajlron. 
p.  240,  obferves:  the  greek  words  <ruv<xvx]oA>t  and  o-vyujLjiJvms,  which  may  be 
tranflated  coafcenfion  and  codefcenfion,  are  more  properly  applicable  to  a 
point  of  the  equator,  than  to  an  arc  of  it  which  is  terminated  at  one  end 
by  that  point:  however  we  muff  be  content  to  take  commonly  received 
terms  of  art  as  we  find  them. 

785  The  right  afcenfion  of  a  flar  is  an  arc  of  the  equator  which,  proceed¬ 
ing  according  to  the  order  of  the  figns,  reaches  from  the  point  r,  the  point 

a  Declination  is  called  latitude  from  the  equator  by  Ptolemy:  right  afcenfion  might  have  been  called 
longitude  upon  the  equator.  Veteres  longitudinem  et  latitudhim  Jlellarittn  per.es  &quatorem  conf.dercjfey  ojlen- 
dit  Petavius,  variar.  differt.  1.  z.  c.  2. 

of 
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Fig.  of  the  vernal  equinox,  to  the  point  of  the  equator  that  rifes  with  the  liar  in 
67  a  right  fphere:  let  fig.  67  he  a  projection  or  picture  of  the  eafiern  half  of  the 
concave  fphere  of  the  heaven,  let  e  ojue  the  equator,  s  n  the  horizon,  which, 
in  a  right  fphere  as  is  here  drawn,  is  cut  by  the  equator  at  right  angles,  by 
§  3465  let  n  be  the  arCtic,  s  the  antarctic  pole,  which  in  a  right  fphere  arc 
in  the  plane  of  the  horizon;  the  curves  n  as,  n  b  s,  &c,  and  the  ftrait  line 
nds  are  projections  of  femicircles  of  declination :  now  if  we  imagin  the 
fphere  to  move  upon  the  poles  n  s  according  to  the  order  of  of  the  letters  a 
b  c  d,  a  ftar  at  d  or  at  e  or  any  point  in  the  femicircle  of  declination  nds 
comes  to  the  horizon  and  rifes  above  it  at  the  fame  time  with  the  point  T  ; 
and  therefore  we  fay  its  right  afcenfion  is  o:  a  ftar  at  f  or  g  or  any  point  in 
the  femicircle  of  declination  ncs  riles  at  the  fame  time  with  the  point  c, 
and  its  right  afcenfion  is  the  arc  rc,  or  fo  many  degrees  minutes  and  feconds 
as  that  arc  contains:  a  fear  in  the  femicircle  nbs  rifes  with  the  point  b,  and 
its  right  afcenfion  is  the  arc  r  b,  &c. 

786  The  term  right  afcenfion  is  taken  from  a  right  fphere a,  as  is  alfo  the 
common  definition  of  it  given  §  785:  but  we  are  not  therefore  necefiitated 
to  go  under  the  line,  in  order  to  find  the  right  afeenfions  of  the  heavenly  bo¬ 
dies;  they  may  be  obferved  in  any  place,  by  an  inftrument  fixed  in  the  plane 
of  the  meridian,  as  deferibed  §  408,  and  a  good  clock,  to  oblerve  the  times 
of  their  tranfits:  fee  §  409.  For,  fince  the  plane  of  every  meridian  extended 
pafles  through  the  celeftial  poles,  §  299',  &c;  and  fince,  in  a  right  fphere,  the 
plane  of  the  horizon  extended  pafles  alfo  through  the  poles,  it  follows,  that 
every  meridian  is  coincident  with  the  horizon  of  fome  place  or  other  in  a  right 

67  fphere:  thus,  fig.  67,  the  plane  of  the  meridian,  n  a  s  is  coincident  with  the 
horizon  of  the  place  under  the  line  which,  in  the  fituation  of  the  heaven 
here  reprefented,  has  e  for  its  zenith:  for  this  reafon,  the  point  of  the  equa¬ 
tor  which  comes  to  the  plane  of  any  meridian  b,  at  the  fame  time  with  a  liar 
gives  us  the  right  afcenfion  of  that  flarc. 

787  It  is  true,  the  point  T,  as  well  as  every  other  point  of  the  equator, 
is  invifible;  and  therefore  the  right  afeenfions  of  liars,  which  mufl  be  reck¬ 
oned  from  r,  cannot  be  found  diredlly  and  immediately;  but  they  may  by 
the  help  of  the  fun;  becaufe  the  theory  of  his  motion  is  fo  well  afeertained, 
that  his  place  in  the  ecliptic  at  any  time  is  eafily  known,  from  whence  his 
right  afcenfion  may  be  calculated;  and  this  being  given,  the  right  afcenfion  of 

a  Ptolemy  calls  it  afcenfion  in  a  right  fphere.  b  §  303.  c  Since  al!  fecondaries  of  the  equator  and  all  meri¬ 
dians  are  drawn  through  the  poles;  when  any  one  point  of  a  iecondaay  of  the  equator  is  in  tire  plane  of 
the  meridian,  every  other  point  of  that  fecondary  is  alio  in  the  plane  of  the  meridian  ;  and  therefore  the 
definition  of  right  afcenfion  in  §  783,  expreffes  the  thing  very  well. 

any 
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any  ftar  may  be  thus  found  by  obfervation:  let  the  motion  of  a  clock  be  fo  ad- 
j lifted  that  the  hand  may  go  round  the  24  hours  exactly  in  the  time  of  a  ro¬ 
tation  of  the  earth,  that  is,  in  the  time  which  paffes  between  any  fixt  ftar  lea¬ 
ving  the  plane  of  the  meridian  and  retuning  to  it  again:  let  the  hand  of  the 
clock  thus  regulated  at  12  when  the  fun  is  in  the  meridian;  obferve  the  hour 
minute  and  fecond  when  the  ftxt  ftar  whofe  right  afeenfton  is  required  comes 
to  the  meridian;  and  the  intermediate  time,  turned,  by  the  table  §  3  16,  into 
degrees  minutes  and  feconds  of  the  equator,  is  the  difference  between  the 
right  afeenfton s  of  that  ftar  and  of  the  fun  when  before  obferved  in  the  me¬ 
ridian:  add  to  this  difference  the  right  afeenfton  of  the  fun  at  that  time,  and 
you  have  the  right  afeenfton  of  the  ftar:  thus,  this  prefent  year  1740,  june 
the  ftrft  at  noon, "the  right  afeenfton  of  the  fun  is  8o°  54  53",  Ardurus  comes 
to  the  meridian  at  8h  40'  16"*  in  the  evening,  this  turned  into  degrees  mi¬ 
nutes  and  feconds  is  130°  4  o",  which  added  to  the  right  afeenfton  of  the 

fun  gives  the  right  afeenfton  of  Ardurus  210°  58  53  . 

If  the  hour  circle  of  a  clock  be  divided  into  360°,  and,  when  the  fun  is  in 
the  meridian,  the  hands  be  fet  at  the  degree  minute  and  fecond  which  mark 
the  right  afeenfton  of  the  fun;  they  will,  when  a  ftar  comes  to  the  meridian, 
point  out  its  right  afeenfton  diredly,  without  the  trouble  of  reducing  time  to 

degrees  minutes  and  feconds  of  the  equator. 

788  The  foregoing  fedion  thews  how  to  find  the  right  afeenfton  of  a  ftar, 
by  the  time  of  its  tranftt;  the  converfe  of  this  is  to  find  the  time  of the  night, 
by  obferving  the  tranftt  of  a  ftar  wnole  right  afceniion  is  known,  this  is  done 
by  turning  the  arc  of  difference  between  the  right  afeenftons  of  the  fun  and 
the  ftar  into  time:  thus,  I  find  by  an  ephemeris,  that  june  the  firft  1740, 
the  right  afeenfton  of  the  fun  is  8o°  54  53',  the  right  afeenfton  of  Ardurus 
210°  58'  53",  the  difference  13 o°  4  o",  the  time  anfwering  to  130°  4  o' 

is  8h  40'  16":  fo  much  then  does  Ardfurus  come  to  the  meridian  after  the 
fun *.  The  time  of  the  night  may  alfo  be  found  by  the  height  of  a  ftar  whofe 
right  afeenfton  and  declination  is  known,  if  we  have  firft  the  latitude  of  the 
place  of  obfervation:  but  this  requires  trigonometrical  calculation.  By  either 
of  thefe  methods  a  clock  may  be  corrected.  ft  he  latitude  or  the  place  wheie 
we  are  may  be  found  by  the  meridian  altitude  of  a  ftar  whole  declination  „s 
known;  or  of  the  fun,  if  his  declination  be  known  for  the  time  of  obferva¬ 
tion:  fee  §  411  to  415.  This  is  of  ufe  at  fea,  ice  §  5^0,  feme 

almanacks  a  table  of  the  declination  of  the  fun ,  for  every  day  of  the  year:  and 
a  table  of  the  night  afeenfions  and  declinations  of  the  piincipal  ftais;  whidi, 
will  ferve,  for  the  ufe  of  failors,  for  feveral  years,  without  fenfible  ciioi. 

*  The  time  ufed  §  787,  788,  &.  789,  is  fydereal  time,  which  Jfhali  {hew  how  to  reduce  to  ccmlncri 
time,  hereafter.  7^9 
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Pig.  789  The  difference  of  right  afcenjtons  of  two  fhirs  is  found,  by  turning  the 
time  between  their  coming  to  the  meridian  into  degrees  minutes  and  feconds 
67  of  the  equator,  by  the  table  §  316:  thus,  fig.  67,  if  the  ftar  b  comes  two  hours 
later  to  the  meridian  than  the  ftar  c,  the  difference  of  their  right  afcenfions 
is  30°;  and  fo  much  does  the  right  afcenfion  of  b  exceed  that  of  c.  —  It  is  ea- 
fy  to  fee,  that  all  ftars  in  the  fame  femicircle  of  declination  come  to  the  meri¬ 
dian  at  the  fame  time;  and  confequently  have  the  fame  right  afcenfion.  The 
right  defcenfion  of  a  ftar  is  the  fame  with  its  right  afcenfion ;  for,  in  a  right 
fphere,  the  fame  point  of  the  equator  that  rifes  with  a  ftar  fets  with  it  alfo. 

790  Oblique  afcenfion  of  a  ftar  is  an  arc  of  the  equator  reaching,  according 
to  the  order  of  the  figns,  from  the  point  T  to  the  point  of  the  equator  which 
rifes  with  the  ftar,  in  an  oblique  fphere:  the  difference  between  the  right  and 
oblique  afcenfion  of  a  ftar  is  called  its  afcenfional  difference.  Oblique  afcenfi¬ 
on  and  afcenfional  difference  are  relative  to  fome  given  latitude:  for  the  far¬ 
ther  any  place  is  removed  from  a  right  fphere,  the  greater  is  the  afcenfional 
difference  of  any  ftar  in  that  place.  Oblique  defcenfion  of  a  ftar  is  an  arc  of 
the  equator  reaching,  according  to  the  order  of  the  figns,  from  r  to  the  point 
that  fets  with  the  ftar,  in  an  oblique  fphere:  oblique  defcenfion  is  alfo  rela¬ 
tive  to  fome  latitude,  in  the  fame  manner  as  oblique  afcenfion  is.  The  o- 
blique  afcenfion  or  defcenfion  of  a  ftar  may  be  found  by  calculation,  for  any 
place,  if  the  latitude  of  the  place  and  the  right  afcenfion  and  declination  of 
the  ftar  be  firft  known. 

791  We  have  in  fome  books  of  aftronomy  tables  of  oblique  afcenfions  for 
the  feveral  degrees  of  the  ecliptic,  for  leveral  latitudes a:  by  means  of  thefe, 
fince  the  fun’s  place  in  the  ecliptic  is  known  for  every  day  in  the  year,  we  may 
find  what  his  oblique  afcenfion  is,  any  day  of  the  year,  in  any  of  the  lati¬ 
tudes  for  which  the  tables  are  made :  fome  authors  give  us  alfo  tables  of  a- 

fcenfonal  differences b:  The  arc  of  afcenfional  difference  of  the  fun  for  any 
day  of  the  year  in  a  given  latitude,  turned  into  time,  ftiews,  for  that  latitude, 
how  many  hours  and  minutes  before  or  after  fix  the  fun  rifes  that  day:  the 
fame  arc,  turned  into  time,  fhews  alfo,  for  the  fame  day  and  latitude,  how  ma¬ 
ny  hours  and  minutes  before  or  after  fix  the  fun  fets:  it  is  eafy  from  hence 
to  find  the  length  of  the  artificial  day,  that  is,  how  many  hours  and  minutes 
the  fun  is  above  the  horizon ;  and  if  this  time  be  taken  from  the  natural  day 
of  24  hours,  the  remainder  is  the  length  of  the  night:  but  this  is  fpeaking  a- 
ftronomically,  without  regard  to  refratftion;  for  that  lengthens  the  day  and 
Shortens  the  night,  a$  was  before  obferved,  §  757. 

b  Ricciol.  it.  pag.  561.  Gregory’s  aftronomy  book  2.  prop.  60. 

792 
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792  The  right  afcenfions  and  declinations  of  the  ftars  being  known,  their 
longitudes  and  latitudes  may  be  found  by  calculation;  and  converlely,  their 
longitudes  and  latitudes  being  known,  their  right  afcenfions  and  declinations 
may  be  found  by  calculation.  In  order  to  make  a  catalogue  of  the ftars,  their 
right  afcenfions  and  declinations  are  found  by  obfervations  made  with  pro¬ 
per  inftruments;  and  from  thence  their  longitudes  and  latitudes  are  calcula¬ 
ted,  and  let  down  in  the  catalogue.  The  places  of  ftars  are  fet  down  in  the 
catalogues  according  to  their  longitudes  and  latitudes,  rather  than  according 
to  their  right  afcenfions  and  declinations;  becaufe  their  latitudes  continue  in¬ 
variably  the  fame,  and  their  longitudes  change  regularly,  at  the  rate  of  50" 
in  a  year,  fee  §  607,  and  6 57,  fo  that  the  longitude  of  any  ftar  is  eafily  found 
for  any  year  paft  prefent  or  to  come,  by  any  catalogue :  whereas  both  the 
right  afcenfions  and  declinations  of  ftars  are,  by  the  preceftion  of  the  equinoc¬ 
tial  points  altering  the  fituation  of  the  celeftial  equator,  changed  every  year 
a  little,  and  that  irregularly;  the  change  not  being  the  fame  in  all  the  ftars, 
but  greater  in  fome  than  in  others,  according  as  they  are  differently  fituated 
in  refpeCt  of  the  ecliptic  and  the  equator. 

793  When  I  fay  the  latitudes  of  the  ftars  are  invariable,  it  is  upon  a  fup- 
pofal  that  two  politions  are  true,  which  are  both  controverted  amongft  the 
aftronomers:  one  of  thefe  is,  that  the  ftars  are  fo  fixed  as  to  keep  their  places 
immoveably;  the  other,  that  the  orbit  of  the  earth  continues  unalterably  in 
the  fame  plane,  and  confequently  that  the  ecliptic  is  invariable:  as  to  the 
firft  of  thefe  politions,  Ptolemy  a  has  a  chapter  on  purpole  to  prove  that  the 
ftars  are  fixed,  and  for  that  end  inftances  in  a  confiderable  number  of  ftars 
which  he  found  to  lye  in  right  lines  with  one  another,  or  to  form  triangles 
and  other  figures,  exactly  in  the  fame  manner  as  Hipparchus  had  delcribed 
them,  above  260  years  before  him.  cTychob  not  only  found  thofe  ftars  to  keep 
their  places  in  refpeCtof  one  another,  but  feveral  others  alfo  to  anfwer  fo  ex¬ 
actly  to  that  defcription,  that  he  declares  it  to  be  his  opinion,  that  all  the  dif¬ 
ferences,  which  he  found  between  the  diftances  of  fome  ftars  from  one  ano¬ 
ther,  as  they  were  obferved  by  himfelf  and  as  they  are  fet  down  by  the  anci¬ 
ents,  are  owing,  either  to  the  inaccuracy  of  the  obfervations  of  the  ancients, 
and  the  irn perfections  of  their  inftruments;  or  to  the  miftakes  of  tranfcribers,. 
who,  in  fome  inftances,  have  manifeftly  given  us  wrong  numbers,  and  very 
probably  in  many  more.  On  the  other  hand,  Dr.  Halley c  has  obferved,  that 
the  Bull’s  eye,  Sirius,  and  ArCturus  are  now  found  to  be  above  half  a  degree 

a  ahnagejl.  1.  7.  c.  I.  b  epiji.  aftronom.  p.  43.  progymnaf/nat .  p.  234.  c  Philof  trail  fa  61.  n.  3  45% 
Jones' s  abridg.  p.  2 25. 
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more  fouther'ly  than  the  ancients  reckoned  them:  that  this  difference  cannot 
arife  from  the  errors  of  tranfcribers;  becaufe  the  declinations  of  thefe  ftars, 
let  down  by  'Ptolemy ,  as  oblerved  by  Timocharis ,  Hipparchus  and  himfclf, 
lliew  their  latitudes  given  by  him  are  fuch  as  thole  authors  intended:  that  it 
is  fcarce  to  believed,  that  thofe  three  obfervers  could  be  deceived  in  fo  plain  a 
matter.  To  this  he  adds,  that  the  bright  flar  in  the  fhoulder  of  Orion  has  in 
Ptolemy  almoft  a  whole  degree  more  foutherly  latitude  than  at  prefent:  that 
an  ancient  obfervation,  made  A.D.  509,  at  Athens,  as  Bullialdus  fuppofes,  of 
an  appulfe  of  the  moon  to  the  Bull’s  eye,  fhews  that  flar  to  have  had  lefs  la¬ 
titude  at  that  time  than  it  now  has :  that  as  to  Sirius,  it  appears  by  Tycho’  s 
obfervations  .that  he  found  him  4  minutes  and  an  half  more  northerly  than 
he  is  at  this  time.  All  thefe  obfervations,  compared  together,  feem  to  favour 
an  opinion,  that  fome  of  the  ftars  have  a  motion  of  their  own ,  which  chan¬ 
ges  their  places  in  the  fphere  of  the  heaven:  this  change  of  place  in  the  ftars, 
if  there  be  any  fuch,  may,  as  Dr.  Halley  obferves,  fhew  it  felf  in  fo  long  a 
time  as  1800  years,  though  it  be  entirely  imperceptible  in  the  fpace  of  one 
fingle  century:  and  it  is  likely  to  be  fooneft  difcovered  in  fuch  ftars  as  thofe 
juft  now  mentioned;  becaufe  they  are  all  of  the  fir  ft  magnitude,  and  may 
therefore  probably  be  fome  of  the  neareft  to  our  folar  fyftem. 

794  As  to  the  fecond  pofition,  that  the  ecliptic  is  invariable ,  Tycho*  brings 
feveral  inftances  of  ftars  whofe  latitudes  he  found  to  be  different  from  what 
they  were  in  Ptolemy’s  catalogue;  and  fays  that,  according  to  his  obfervations, 
the  latitudes  of  the  northern  ftars  has  increafed,  and  the  latitudes  of  the  lou- 
thern  ftars  decreafed;  and  that  this  increafe  and  decreafe  of  latitude  is  great¬ 
er  or  lefs  in  different  ftars,  according  as  they  are  nearer  to  or  farther  from 
the  folftitial  colure.  This  would  imply  fuch  a  change  in  the  plane  of  the 
earth’s  orbit  as  caufes  the  northern  parts  of  the  ecliptic  to  recede  from  the 
north  pole,  and  the  fouthern  parts  to  recede  from  the  louth  pole:  Tycho b  in¬ 
deed  confeffes,  that  his  own  obfervations  of  fome  of  the  biggeft  ftars,  and  par¬ 
ticularly  of  the  Bull’s  eye  and  Sirius,  compared  with  the  numbers  of  Ptole¬ 
my ,  were  againft  this  opinion  of  the  change  of  the  ecliptic;  but,  to  lilence 
this  objection,  he  has  recourfe  again  to  the  inacuracy  of  the  ancient  obferva¬ 
tions,  and  the  miftakes  of  tranfcribers.  Ricciolus  takes  notice  that  Tycho  teems 
to  allow  the  obfervations  of  the  ancients  to  be  good,  or  reject  them  as  faul¬ 
ty,  according  as  they  favour,  or  ftand  againft  his  opinion  about  the  change 
of  the  ecliptic c.  If  we  confider  the  mutual  attraction  oi  the  heavemy  bodies, 

a  epijl.  ajlronom.  p.  30,  65,  66,  69,  70,  86.  prorymnafm.  p.  £33>  ad  240.  b  progymnafm.  p.  246. 
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of  which  more  in  another  place,  we  cannot  think  it  impoffible  that  both  the 
plane  of  the  earth’s  orbit,  and  the  planes  of  the  reSt  of  the  planets  ihould  be 
fubjeft  to  fome  alterations;  but  that  there  has  been  an  adtual  change  in  any 
of  thefe,  we  cannot  reafonably  conclude,  without  proof  from  obfervations: 
in  this  enquiry,  there  are  four  things  to  be  considered  in  the  orbit  of  every 
planet;  1  its  excentricity,  2  the  place  of  its  aphelion,  3  the  place  of  its  a- 
fcending  node,  4  the  inclination  of  its  plane  to  the  plane  of  the  orbit  of  any 
of  the  other  planets:  it  has  been  the  opinion  of  many  great  astronomers  a, that 
all  thefe  continue  invariable  in  refpeft  of  the  fixt  Stars:  fome  aSfign  to  the 
nodes  and  aphelia  a  very  flow  motion,  but  this  opinion  feems  to  have  been 
built  upon  fome  preconceived  hypothefis,  rather  than  any  aftual  difcovery 
of  fuch  motion b:  perhaps  the  aphelion  of  faturn  may  be  excepted  from  this 
remark,  which,  according  to  Maraldi ,  has  a  motion  of  about  a  minute  in  a 
year,  according  to  the  order  of  the  flgnsc;  and  the  nodes  ofjupiter,  which 
the  fame  author  makes  to  go  backwards  at  the  rate  of  about  37"  in  a  yeard. 
As  to  the  planes  of  the  planetary  orbits,  we  have  no  obfervations  to  Shew  that 
any  of  them  was  ever  inclined  to  the  reft  in  a  different  angle  from  what  it  is 
at  prefent:  the  change  of  latitude  of  fome  Stars  fuppofed  by  Tycho  does  not 
appear  to  be  made  out  clearly  enough  to  conclude  from  thence  any  change 
of  the  plane  of  the  ecliptic :  on  the  other  hand,  two  occultations  of  the 
fame  Star  by  the  planet  mars,  with  a  fpace  of  1934  years  between,  the  earth 
being  at  the  time  of  both  obfervations  very  nearly  in  the  fame  place  of  her 
orbit,  make  it  extreamly  probable  that  the  planes  of  both  the  orbit  of  mars 
and  of  the  earth  have  continued  in  the  fame  fituation  during  that  long  in¬ 
tervals 

795  For  the  excentricities  of  the  orbits  of  the  planets  fee  §  670  and  669; 
their  aphelia  and  perihelia  are  marked  in  the  nth  figure,  by  the  letters  a 
and  p.  The  inclinations  of  the  planetary  orbits  to  the  plane  of  the  ecliptic 
have  been  given  in  round  numbers,  §  638;  and,  together  with  their  alcend- 
ing  nodes,  are  Shewed  in  the  24th  figure,  explained  §  651:  I  lhall  now  fet 
them  down  to  a  greater  exa<5lnefs,  with  the  place  of  the  aphelion  and  amend¬ 
ing  node  of  each  planet,  for  the  year  1700;  they  are  all  taken  from  the  ta¬ 
bles  of  De  la  Hire ,  except  thofe  of  mercury,  in  which  I  follow  the  accu¬ 
rate  determination  of  Dr.  Halley  f. 

a  Streete,  ajlronomia  Carolina ,  p  45.  Du  Hamel,  Reg.  fcientiar.  Acad,  hijlor.  1.  4.  c.  4.  Newton. 
princip.  lib.  3.  prop.  14.  Jones  s  Phil,  tranf.  abridg.  vol.  4  p.  305  &  320-  <v.  et  Riccigl  /.  3.  c.  26. 

b  Kepler,  tabb.  Rudolphin.  c  Memoires  d'Acad.  Royale  26  twvemb.  ann.  1704,  d  Merit.  d'Acad 
20  fe-vrier  1706.  e  The  firft  of  thefe  occultations  is  mentioned  by  Ptolemy  almag.  1.  io-  c.  9.  the  ie- 
cond  is  in  the  Phil,  tranf.  Jones'^  abr.  vol.  4.  p.  305.  f  Phil,  tranf.  n  386. 
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CIIAP.  l6.  WHETHER  ANY  OF  THE  STARS  CHANGE  THEIR  PLACES 
OR  NOT:  THE  OBLIQUITY  OF  THE  ECLIPTIC  VARIABLE. 

796  The  fubjedt  of  §  793  in  the  foregoing  chapter  is  of  fo  curious  a  na¬ 
ture,  that  I  thought  it  would  deferve  a  farther  difculhon,  if  we  could  find  ma¬ 
terials  for  it:  if  the  difiances  of  feveral  fiars  from  one  another  were  at  any 
time  to  be  taken  exadtly,  and,  after  a  confiderable  number  of  years,  the  fame 
difiances  were  to  be  carefully  meafured  again,  it  feems  to  be  a  likely  way 
to  difcover  whether  the  fiars  fo  obferved  change  their  places  or  not:  the  an¬ 
cients  have  given  us  nothing  of  this  kind;  Tycho  aand  the  Prince  of  Heffe  b  were 
the  firfi  who  left  us  any  difiances  taken  with  good  inftruments,  and  their  ac¬ 
counts  agree  fo  well  together,  as  to  give  us  reafon  to  believe  they  are  as  ex- 
adt  as  could  be  expedted  from  plain  fights.  I  have  compared  a  great  number 
of  their  difiances,  particularly  thole  of  the  brightefi  fiars,  with  obfervations 
of  the  fame  difiances  taken  by  later  aftronomers,  efpecially  Hevelius c  and 
Flamjieed^ ,  and  can  find  no  fuch  change  in  any  of  them  as  will  Ihew  that  ei¬ 
ther  Capella,  Lyra,  the  Bull’s  eye,  the  bright  fiar  in  the  lhoulder  of  Orion, 
the  Lyon’s  heart,  Spica  W ,  or  Sirius  have,  in  the  interval  of  time  between 
the  obfervations  of  Tycho  and  Flamjieed ,  which  is  about  100  years,  gone  out 
of  their  places:  but  in  Ardturus  the  cafe  at  firfi  appeared  to  be  different;  He¬ 
velius  fets  down  the  di fiance  of  that  fiar  from  Lyra  4'  greater  than  Tycho  had 
obferved  it,  72  years  before  him;  and  Flamjieed ,  22  years  after,  mealured 
the  difiance  between  the  fame  two  fiars  fiill  3'  greater  than  Hevelius  found 
it;  fo  that,  if  Lyra  fiood  fiill  all  the  while,  there  was  an  appearance  of  Arc- 
turus  having  gone  y  out  of  his  place  in  100  years:  it  feemed  fome  confir¬ 
mation  of  this  motion  of  Ardturus,  that  Flamjieed  found  his  difiance  from 
the  head  of  Hercules  J  greater  than  it  is  fet  down  by  the  Prince  of  Hejj'e\ 

a  epifo.  ajiron.  p.  $c  £5*  51,  progymr.af n.  p.  229  Iff  230,  in  Tychon.  hijior.  coeieji.  pojftm. 
b  <v.  lib.  12  hijior.  cotlejl.  Tychon.  a  Lucio  Barretto  (/".  e.  Alberto  Curtio)  edit,  nam  hoc  anagrammatt 
cut*  nomer.  fuum  texijje  ait  Ricciol.  ajiron.  reformat.  1.  4.  c.  8- p-  219.  c  macbin.  coeleji.  part.  4. 
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and  that  his  didance  from  the  Lyon’s  tail  was  a  little  decreafed:  to  make 
thefe  obfervations  confident  with  one  another,  Ardturus  mud  have  gone  al- 
mod  diredtly  towards  the  ecliptic,  fo  as  to  decreafe  his  latitude  about  7  ;  and 
indeed  his  latitude  in  Flamfteed' s  catalogue  is  5ft  lefs  than  in  that  ot  Tycho: 
thus  far  every  thing  favoured  the  opinion  of  Ardturus  having  a  motion  al- 
mod  diredtly  towards  the  ecliptic;  upon  this,  I  confidered  feveral  other  dars 
to  the  north  of  Ardturus,  from  which  he  mud  have  grown  more  didant,  it 
he  had  really  had  any  fuch  motion;  and  feveral  dars  to  the  fouth  of  him,  to 
which  fuch  a  motion  would  have  made  him  approach  nearer:  the  didances 
of  Ardturus  from  thefe  dars  being  calculated  from  their  longitudes  and  lati¬ 
tudes  in  the  different  catalogues  of  Tycho,  the  Prince  of  Heffe,  Hevelius  and 
Flamfteed ,  I  found  that  very  few  of  them  agreed  with  the  fuppofed  motion 
of  Ardturus,  but  that  the  greated  part  of  them  came  out  fuch  as  fhewed 
he  had  kept  his  place;  for  I  feldom  found  the  difference  of  the  didances  com¬ 
puted  from  the  feveral  catalogues  to  exceed  2',  and  thefe  differences  fell  out 
fo,  that  they  could  not  all  be  true;  fince  from  fome  of  them  Ardturus  appear¬ 
ed  to  have  gone  towards  the  fouth,  and  from  others  towards  the  north:  fo 
that,  upon  the  whole,  after  a  pretty  long  and  careful  enquiry,  I  am  inclined 
to  think  the  ftars  keep  their  places  immoveably ,  and  this  will  appear  the  more 
probable,  if  we  confider  the  fixt  dars  as  fo  many  funs :  fee  §  625. 

797  It  has  been  a  fubjedt  of  controverfy  amongd  adronomers,  whether  the 
obliquity  of  the  ecliptic  be  variable  or  not;  that  is,  whether  the  angle  between 
the  planes  of  the  ecliptic  and  equator,  mentioned  §  733,  continues  always 
unchangeably  the  fame,  or  is  fubjedt  to  alteration:  it  is  alfo  difputed  among 
thofe  writers  who  hold  it  liable  to  change,  whether  that  change  be  regular 
or  irregular.  It  is  certain  that  the  obliquity  of  the  ecliptic  is  at  prefent  found 
to  be  above  a  third  part  of  a  degree  lefs  than  Ptolemy  has  given  it  us:  if  we 
enter  into  a  detail  of  all  the  obfervations  of  it  which  were  made  from  Ptole¬ 
my’s  time  down  to  Tycho ,  we  fhall  find  that  later  obfervers  have  generally 
found  it  lefs  than  thofe  who  went  before  them;  but  this  has  not  always  been 
the  cafe:  for  there  are  fome  indances  where,  on  the  contrary,  later  obfer¬ 
vations  have  made  it  a  few  minutes  greater  than  fome  preceding  ones.  T hey 
who  will  have  the  obliquity  of  the  ecliptic  to  have  been  always  the  fame 
that  it  is  at  prefent  get  rid  of  all  thefe  difficulties,  by  throwing  upon  the  in¬ 
accuracy  of  the  obfervations  of  the  ancients,  and  the  imperfection  ot  their  in- 
druments,  all  the  differences  that  are  found  between  them  and  the  moderns 
in  this  affair:  others  think  this  is  treating  the  ancients  with  too  little  refpedt; 
for,  though  it  appears  by  Ptolemy  that  they  did  not  pretend  to  obferve  more 
nicely  than  to  a  6th  part  of  a  degree,  and  their  indruments,  as  far  as  we 
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have  any  account  of  them,  fill  far  fliort  of  thofe  made  ule  of  by  the  moderns; 
yet  it  can  hardly  be  imagined  they  could  be  fo  greatly  miftaken  in  a  matter 
fo  eafy  to  be  known,  and  fo  well  deferving  their  attention.  As  for  thofe 
who  fuppofe  that  the  obliquity  of  the  ecliptic  is  fubjeft  to  a  iort  of  libration, 
increafing  in  fome  ages  and  decreafing  in  others,  they  certainly  attribute  a 
greater  degree  of  exadtnefs  to  the  obfervations  upon  which  they  ground  this 
fancy,  than  there  is  any  good  reafon  to  do.  Some  have  thought  that  the  o- 
bliquity  of  the  ecliptic  has  been  always  gradually  decreafing,  the  planes  of 
the  ecliptic  and  equator  growing  continually  nearer  to  coincidence:  this  o- 
pinion,  befides  its  being  grounded  upon  a  comparifon  of  ancient  and  mo¬ 
dern  obfervations,  receives  a  good  deal  of  fupport  from  the  conlideration  of 
the  fhape  of  the  earth,  as  we  ftiall  fee  by  and  bv,  §  802. 

798  The  obliquity  of  the  ecliptic  is  equal  to  the  diftance  of  either  tropic 
from  the  equator,  which  is  the  fame  with  half  the  diftance  between  the 
two  tropics :  the  bed:  way  of  finding  it,  becaufe  lead:  liable  to  error  from 
refradlion,  is  to  take  the  height  of  the  fun  when  he  is  in  the  fummer  tropic; 
the  height  of  the  pole,  and  confequently  the  complement  thereof,  the  height 
of  the  equator,  being  firft  known  in  the  place  of  obfervation:  this  gives  us 
the  diftance  of  the  tropic  from  the  equator  diretftly.  There  is  another  way 
of  finding  this,  the  only  one  made  ufe  of  by  the  ancients,  and  that  is,  to  ob- 
ferve  the  meridian  height  of  the  fun  in  each  tropic:  but  then  refraction  mud: 
be  taken  into  the  account;  for  refraction  increafes  the  meridian  altitude  of 
the  fun,  when  he  is  low  in  the  winter  folftice,  more  than  it  does  when  he 
is  high  and  more  out  of  the  reach  of  vapours  in  the  fummer  folftice;  thus  the 
tropics  are  in  appearance  brought  nearer  to  one  another  by  refraction,  in  the 
fame  manner  as  the  upper  and  lower  edge  of  the  fun’s  difk  were  fhewn  to  be, 
§  754;  for  want  of  being  aware  of  this,  the  ancients  meafured  the  diftance 
of  the  tropics  lefs  than  it  really  was:  they  fell  alfo  into  another  miftake  of 
fuppofing  the  parallax a  of  the  fun  too  great,  which  operated  the  fame  way, 
and  diminifhed  alfo  the  diftance  between  the  tropics,  and  that  about  twice 
as  much  as  they  leffened  it  by  not  confidering  refraction  b;  thefe  errors  of  the 
ancients,  of  fuppofing  a  falfe  parallax,  and  neglecting  refraction,  are  no  hin¬ 
drance  to  our  making  ufe  of  their  obfervations,  in  this  difquilition;  becaufe 
we  know  what  confequences  they  draw  after  them,  and  can  therefore  tell 
how  to  make  proper  allowances  for  them:  now  upon  the  whole,  after  pro¬ 
per  allowances,  the  obliquity  of  the  ecliptic  conies  out  from  the  obfervations 
of  the  ancients  above  a  third  part  of  a  degree  greater  than,  the  modern  aftro- 
nomers  have  found  it.  Louville, after  having  compared  all  the  ancient  oblerva- 

a  Parallax  will  be  explained  in  the  next  chapter.  b  See  the  remarks. 
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tions  he  could  meet  with,  was  of  opinion  that  the  obliquity  of  the  ecliptic 
decreased  at  the  rate  of  1  in  ail  hundred  years,  and  from  a  great  number  of 
obfervations  made  by  himfelf  about  the  year  17 11,  fet  it  down  230  28'^-% 
which  is  half  a  minute  lets  than  Flamfteed  and  De  la  Hire  made  it:  he  goes 
ftill  farther  and  thinks  he  difcovered  it  to  be  5  feconds  lefs  in  the  year  1720 
than  he  had  obferved  it  in  the  year  17 14:  but,  notwithftanding  the  great 
care  with  which  his  obfervations  appear  to  have  been  made,  it  feems  hardly 
credible  that  any  one  can,  in  an  affair  of  this  nature,  be  certain  he  has  arri¬ 
ved  to  fuch  a  degree  of  exadtnefs  as  is  here  pretended. 

Louville ,  for  the  farther  fupport  of  his  opinion,  fetches  arguments  from  the 
times  of  fabulous  antiquity,  upon  a  preemption  however  that  fable  has 
generally  fome  truth  for  its  foundation.  He  cites  Herodotus  as  faying 
that  the  ancient  Egyptians  had  a  tradition  among  them,  that  the  ecliptic 
had  once  been  perpendicular  to  the  equator;  this  is  fo  odd  a  fancy,  that  he 
thinks  it  hard  to  imagin  how  it  fhould  ever  have  come  into  their  heads,  ex¬ 
cept  they  had  actually  found  by  obfervation  that  thofe  two  circles  were  grown 
nearer  to  one  another  than  they  had  formerly  been:  if  they  had  made  fuch  a 
difcovery,  it  was  natural  for  them  to  fuppofe  that  there  had  been  a  time 
when  the  ecliptic  and  equator  were  at  the  greateft  diftance  from  coincidence 
that  was  poifible;  they  might  then  fet  down  what  they  had  only  thus  fup- 
pofed,  as  a  fadt  which  had  been  obferved  by  them:  but  this  is  all  miftake; 
Herodotus  only  fays  that  the  Egyptians  affirmed  the  fun,  in  the  fpace  of  1 1 340 
years, during  the  reigns  of  their  ancient  kings,  to  have  altered  his  courfe  four 
times,  twice  rifing  where  he  then  fet  and  letting  where  he  rofeb:  which  can¬ 
not  be  explained  by  the  change  of  the  obliquity;  and  feems  to  be  only  an  i- 
dle  amufing  dory,  invented  to  fupport  their  vain  pretenfions  to  antiquity,  but 
fit  to  pafs  only  among  perfons  ignorant  of  aflronomy0. 

He  goes  on  to  tell  us  from  Diodorus  Siculus,  that  the  Chaldeans  pretended  to 
haveaftronomical  obfervations  of  403000  years  before  the  time  of  Alexander 
the  great:  this  extravagant  account  will  have  fome  foundation,  if  we  allow  the 
Chaldeans  to  have  found  out  that  the  obliquity  of  the  ecliptic  diminifhed  at 
the  rate  juft  now  mentioned,  of  one  minute  in  100  years;  for,  this  being  fup- 
pofed,  if  we  run  back  402942  Chaldean  years  from  the  time  of  Alexander  s 
entry  into  Babylon,  we  fhall  come  to  the  time  when  the  ecliptic  and  equa¬ 
tor  muft  have  interfedted  each  other  at  right  angles:  and  this  is  but  38  yeais 
fhort  of  the  time  from  which  the  Chaldeans  pretended  to  date  their  fiift  ob- 

a  Hijioire  d'Acad.  Royale  panr  l'  am.  1714  fur  /’  equinox e  du  pr  intemps  de  1714.  II fare  d'Acad.  ann ■ 
1716.  v.  &  me  moires  pour  l'  ann.  1721.  b  in  Euterpe.  c  See  the  remarks. 
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fervations.  It  is  remarked  upon  this  occafion,  that  there  cannot  be  given  a 
more  probable  account  of  the  fabulous  antiquity  of  the  Egyptians  and  Chal¬ 
deans  than  this,  that,  from  ohferving  fome  very  How  motions  in  the  heaven 
they  calculated  the  periods  of  fuch  motions,  and  fixed  upon  fome  time  when 
they  fuppofed  them  to  begin,  and  dated  from  thence  the  origin  of  the  world, 
and  of  their  own  nation,  which  they  were  willing  to  have  believed  to  be  of 
equal  antiquity  with  the  world  it  felf:  we  have  fome  thing  like  this  fanciful 
way  of  rea foning  among  fome  Chrifiian  aftronomers,  who  have  been  of  opi¬ 
nion  that  the  fun’s  apogee  was  in  the  point  T  at  the  time  of  the  creation,  and 
pretend  from  thence  to  fix  the  age  of  the  world,  which  by  that  method 
comes  out  not  many  years  different  from  the  numbers  in  the  tranflation  ot 
the  bible  called  the  feptuagint. 

799  We  are  tolda  that,  notwithftanding  thefe  reafons  of  Louville,  the  reft 
of  the  aftronomers  of  the  French  academy  were  of  the  contrary  opinion:  it 
was  alledged  by  De  la  Hire ,  that  Ptolemy  thought  the  obliquity  of  the  eclip¬ 
tic  unchangeable;  and  that  therefore  in  determining  it  he  had  lefs  regard  to 
his  own  oblervations  than  to  thofe  aftronomers  who  preceded  him,  as  Hip¬ 
parchus  and  Eratofthenes :  that  he  was  more  attentive  to  the  theory  than  to 
the  practical  part  of  aftronomy;  and  more  a  mathematician  than  an  obferver; 
and  that  therefore  he  fettled  the  obliquity,  manifeftly  upon  the  credit  of  the 
ancientsk  In  anfwer  to  this,  it  muft  be  owned  that  Ptole?uy  paid  fuch  a  defe¬ 
rence  to  Hipparchus ,  whom  he  commends  greatly  for  his  fidelity  and  indu- 
ftry,  as  to  take  his  obliquity,  and  calculate  his  tables  according  to  it;  but  the 
queftion  here  is  not  what  was  Ptolemy  s  opinion  in  this  matter,  but  what  is 
the  refult  of  his  obfervations:  which,  as  to  this  particular,  appear  to  have  been 
made  with  a  good  deal  of  care  and  exadtnefs.  He  defcribes  two  inftruments 
proper  for  that  purpofe,  he  recommends  one  of  them  as  more  commodious 
than  the  other;  he  tells  us,  he  took  meridian  altitudes  of  the  fun,  and  that, 
from  fuch  altitudes,  and  elpecially  thofe  obferved  by  him  at  many  returns  of 
the  folftices,  he  found  the  diftance  between  the  tropics  to  be  47  degrees  and 
more  than  half  but  lefs  than  three  fourths  of  a  degree;  which  he  fays  is  near¬ 
ly  the  fame  as  Eratojlhenes  had  determined  it,  and  Hipparchus  had  made  ufe 
ofc.  Now,  according  to  them,  if  the  folftitial  colure  be  divided  into  83  equal 
parts,  the  diftance  between  the  tropics  contains  1 1  of  thofe  parts:  thus  the 
obliquity  of  the  ecliptic  comes  out  from  the  obfervations  of  Eratojlhenes  23° 
51'  20",  from  thofe  of  Ptolemy  230  48"  45". 

a  Hi  [Hire  d'  Acad-  pour  /’  artnee  1716.  b  me  moires  pour  V  annee  1716.  c  aim  age Jl  l.  1.  c.  10. 
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800  I  here  follow  the  greek  text  of  Ptolemy,  and  his  commentator  Pheon^y 
who  lived  alfo  at  Alexandria:  there  are,  in  this  and  many  other  places,  faults 
and  omifiions  in  the  tranflation  of  Prapezuntius ,  which  it  is  evident  De  la 
Hire  made  ufe  of,  without  confulting  the  original:  and  this  may  be  one  rea- 
fon  of  his  having  fo  mean  an  opinion  of  the  above  mentioned  oblervations  of 
Ptolemy ;  for  who  ever  looks  only  into  the  latin  tranflation  will  imagin  his 
quadrant  with  which  he  took  the  meridian  altitudes  ot  the  fun  was  divided 
only  into  90  degrees;  whereas  it  is  manifed,  by  the  greek,  and  by  Pheon  s 
comment,  that  each  degree  was  fubdivided,  though  we  are  not  told  into 
how  many  parts:  Hoeon  fays,  into  as  many  parts  as  poflible;  from  Ptolemy's 
determining  the  didance  between  the  tropics,  to  have  exceeded  the  number  of 
whole  degrees,  more  than  half  and  lefs  than  three  fourths,  as  above,  I  am  apt 
to  think  each  degree  was  divided  at  lead  into  4  equal  parts:  and  furely  with 
fuch  an  indrument  a  careful  obferver  could  not  eaiily  be  midaken  a  quarter 
of  a  degree.  But  to  give  us  an  indance  of  Ptolemy's  want  of  accuracy,  we  are 
told  that  he  fettled  the  latitude  of  Alexandria.,  his  own  obfervatory,  1 3'  leis 
than  Chazelles ,  who  went  thither  on  purpofe  in  the  year  1700  with  proper 
indruments,  found  it  to  be;  and  left  it  fhould  be  thought  this  difference 
might  arife  from  the  dtuation  of  Alexandria  being  different  now  from  what 
it  was  formerly,  it  is  faid  that  the  contrary  to  this  appears  from  the  ruins  of 
the  ancient  buildings  dill  remaining15:  now  in  anfwer  to  this,  not  to  mention 
that  Greaves  took  the  latitude  of  that  place  7  lefs  than  Chazelles ,  and  there¬ 
fore  differed  but  6'  from  Ptolemy ,  it  may  be  remarked,  that  though  it  appears 
from  Ptolemy's  almagejl ,  /.  1  r.  10,  that  he  knew  a  much  better  way  ot  obfer- 
ving  the  latitude  than  De  la  Hire  fancies  he  made  ufe  of,  yet  he  might  more 
eaiily  midake  13'  therein,  than  be  out  two  thirds  of  a  degree  in  the  didance 
between  the  tropics. 

801  It  is  objected,  that  Pappus  of  Alexandria0,  270  years  after  Ptolemy , 
fuppoles  fuch  a  ratio  between  the  diameters  of  the  ecliptic  and  of  the  tropic 
as  brings  out  the  obliquity  of  the  ecliptic  but  23°30,  and  it  is  concluded 
from  hence  that  this  was  the  well  known  meafure  of  it  in  the  time  of  Pap- 
pus ,  and  that  confequently  Ptolemy's  meafure  mud  have  been  then  found  to 
be  erroneous  by  fome  later  adronomers;  fince  it  is  not  likely  it  fhould  have 
decreafed  from  230  3 f  to  230  30'  in  fo  diort  a  time:  but  this  is  an  hady  con- 
clufion,  for  Pappus  fays  nothing  of  any  obfervations  of  the  obliquity,  nor 
does  his  fubjeft  lead  him  to  it,  he  had  only  occafion  to  prove  that  the  dia¬ 
meter  of  the  ecliptic  was  lefs  than  double  the  diameter  of  the  tropic;  and,  in 

a  edit.  Bafd.  anno  1538.  b  me  moires  pour  l'  ann.  1716.  c  In  colleSionib.  matbemat  I  6.  prop  3;. 
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order  to  this,  he  a  flumes,  that  the  diftance  between  the  centers  of  the  eclip¬ 
tic  and  of  the  tropic  is  to  the  lemidiameter  of  the  tropic  as  10  to  23:  now 
thele  numbers  are  probably  the  fame  as  he  would  have  made  ufe  of  if  he  had 
acquiefced  in  Ptolemy's  meafure  of  the  obliquity,  being  lufficient  for  his  pur- 
pofe,  which  did  not  require  larger  or  more  exact  numbers;  fo  that  no  conie- 
q Lienee  can  be  drawn  from  hence  of  Pappus  being  of  a  different  opinion  from 
Ptolemy:  but,  to  put  the  matter  out  of  all  doubt,  we  have  extant  great  part  ot 
the  comment  of  Pappus  upon  the  5th  book  of  Ptolemy's  almagejl a,  wherein 
he  mentions  the  fame  obliquity  of  the  ecliptic  that  Ptolemy  made  ufe  ot, 
2 30  5'f,  without  any  hint  of  his  diflenting  from  it:  this  deferves  the  more 
to  be  taken  notice  of,  becaufe  not  only  De  la  Hire ,  but  other  writers  alfo,  lay 
a  great  ftrefs  upon  the  paflage  quoted  out  of  Pappus  in  the  beginning  of  this 
fedtion:  add  to  this,  that  Tbeo?i b,  who  wrote  after  Pappus ,  and  Proclus  cal¬ 
led  Diadochus  c  ufed  the  fame  meafure;  which  the  Alexandrian  aftrono- 
mers  feem  fo  long  to  have  taken  from  Eratojlbenes ,  without  any  fufpicion 
of  its  being  fubjeft  to  alteration. 

802  De  la  Hire  objects  farther  againft  Ptolemy's  obfervations,  that  he  has 
in  many  inftances,  given  us  the  latitudes  of  ftars  above  a  quarter  of  a  degree 
different  from  what  they  are  now  found  to  be:  but  thefe  errors  are  eafily  ac¬ 
counted  for,  if  we  confider  that  his  obfervations  of  the  ftars  were  made  with 
a  zodiacal  armilla ,  an  inftrument  that  by  its  conftrudtion  muft  be  liable  to 
great  errors;  and  accordingly  we  find  that  Tycho ,  having  made  fuch  an  in¬ 
ftrument  at  a  great  expence,  was  induced,  after  a  little  experience  of  it,  to 
lay  it  aflde  as  ufelefs:  whereas  the  meridian  altitudes  of  the  fun  were  taken 
by  Ptolemy  with  a  quadrant  drawn  upon  a  fmooth  ftone,  (marble  I  fuppofe) 
placed  in  the  plane  of  the  meridian,  divided  into  degrees  with  thofe  degrees 
farther  fubdivided  as  has  been  laid:  they  who  are  for  the  immutability  of  the 
obliquity  will  alledge,  that,  though  Tycho  fettles  it  230  31'  30",  greater  by  2~ 
than  it  is  at  prelent,  Flamjleed3  from  the  obfervations  of  Tycho}  after  proper 
allowances,  brings  out  the  fame  obliquity  as  he  does  from  his  own  obferva¬ 
tions  made  100  years  after:  in  anfwer  to  this  it  may  be  remarked,  that,  ac¬ 
cording  to  the  theory  juft  now  mentioned,  the  obliquity  ought  to  decreafe 
but  1  in  the  time  between  Tycho  and  Flamjleed ,  and  it  may  very  well  be  fup- 
pofed  that  Tycho3  with  his  plain  fights,  might  miftake  as  much  as  that;  nay 
it  is  certain  that,  in  his  meridian  altitudes  of  the  fun  taken  the  fame  day 
with  different  inftruments  there  is  often  a  difference  of  above  one,  and  fome- 
times  of  more  than  two  minutes.  Tychon.  hift .  ccelejl.  pa  film. 

a  inter  Theonis  commentar.  edit.  Bafil.  fupr  a  (it at.  pag.  258.  b  edit.  Bajil-  p.  6o-  C  about  A.  D.  500. 
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A  TABLE  OF  THE  OBLIQJJITY  OF  THE  ECLIPTIC. 


Authors  Names. 

Years  be¬ 
fore  Chrift 

Obliquity. 

L 

Pytheas 

320 

23°  49'  2  3* 

Eratojlhenes 

230 

23  51  20 

after  Chrift 

Ptolemy 

I40 

23  48  45 

F 

Almamon 

832 

23  35 

Albatennius 

80O 

23  35 

F 

Thebet 

911 

23  33  3° 

F 

Abul  Wafi  and  Abu  Hamed 

999 

23  35 

F 

Perfian  tables  in  ChryJ'ococca 

1004 

23  35 

F 

Albatrunius 

1007 

23  35 

F 

Arzakel 

1 104 

23  33  3° 

F 

Almeon 

1 140 

23  33  3° 

F 

Cbojab  NaJJir  Oddin 

1290 

23  3° 

F 

Prophatius  the  Jew 

13°° 

23  32 

F 

Ebn  Shatir 

1363 

23  3 1 

Ulug  Beigb 

*43  7 

23  30  17 

R 

Purbacbius  and  Regiomontanus 

1460 

23  28 

R 

Waltherus 

1476 

23  3° 

R 

Wernerus 

1510 

23  28  30 

Copernicus 

>5z5 

23  28  24 

R 

Egnatio  Danti 

l57° 

23  29 

Prince  of  Hejfe 

157° 

23  3° 

'Tycho  Brahe 

1584 

23  3 1  3° 

Wright 

J594 

23  3° 

Ricciolus 

1646 

23  30  20 

F 

Hevelius 

1 653 

23  30  20 

L 

Cajjini 

1655 

23  29  15 

De  la  Hire 

1686 

23  29 

Flamjleed 

1690 

2  3  29 

L 

Bianchini 

I7°3 

23  28  25 

* 

Roemer 

1706 

23  28  41 

Louville 

1 7‘5 

23  28  24 

Godin 

I73° 

23  28  20 

N  n 


*  Godin,  mem.  d'  Acad ■  ann.  1734- 
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The  foregoing  table,  taken  chiefly  from  Ricciolus a,  Flamjiecd b  and  Lou- 
' ville ,  fhews  what  the  obliquity  of  the  ecliptic  was  obferved  to  be,  by  diffe¬ 
rent  aStronomers,  in  the  feveral  ages  of  the  world,  from  the  moSt  ancient 
times  wherein  we  have  any  records  of  its  having  been  meafured,  down  to  the 
lateSt  obfervations  thereof:  a  view  of  it  may  induce  us  to  think,  that  the 
angle  between  the  planes  of  the  equator  and  ecliptic  is  lets  now  than  former¬ 
ly,  and  that  it  is  continually  decreasing;  Lonville ,  having  corrected  the  obfer¬ 
vations  of  the  ancients,  by  making  proper  allowances  for  refraction  not  con- 
fidered,  and  for  parallax  luppofed  to  great,  finds  them  very  favourable  to 
his  opinion  mentioned  §  798,  that  the  decreafe  of  the  obliquity  is  about  f 
in  100  years;  his  difiertation,  which  is  very  curious,  is  published  in  latin, 
in  the  aBa  eruditor.  Lip  fire ,  A.  D.  1719:  the  hiftory  of  the  academy  of  Sciences 
for  the  year  1716  gives  a  Short  view  of  it;  but  at  the  fame  time  tells  us  that 
the  other  aflronomers  of  the  academy  were  Still  of  opinion  the  obliquity  of 
the  ecliptic  was  invariable:  perhaps  this  was  the  realon  why  this  difiertation 
did  not  find  a  place  in  their  memoires. 

803  M.  Godin  another  member  of  the  French  academy  of  fciences  refu¬ 
med  this  fubjeCt,  in  the  memoires  of  the  year  1734:  he  remarks  that  Lou- 
r ville ,  notwithstanding  his  great  exaCtnefs,  made  ufe  of  the  table  of  refracti¬ 
ons  for  Paris,  to  correCt  the  obfervations  of  the  ancient  aftronomers  who  li¬ 
ved  in  places  where  refraction  might  be  different;  and  that  the  height  of  the 
pole  at  Marfeilles,  which  is  one  of  the  chief  grounds  he  goes  upon,  is  not  e- 
ven  now  accurately  enough  determined;  Since  Gajfendus ,  Ccifjini ,  and  de  la 
Hire  differ  about  4  in  fettling  it:  this  induced  him  to  make  ufe  of  Such  mo¬ 
dern  obfervations  only  in  this  enquiry  as  may  be  depended  upon  for  their  ex¬ 
aCtnefs,  and  which  were  made  in  places  where  the  refraction  is  well  known: 
he  proceeds  in  this  manner;  in  the  year  1655  the  obliquity  of  the  ecliptic 
came  out  230  29  1  5",  from  the  obfervations  of  Caffini  by  the  gnomon  at  Bo¬ 
logna:  now  it  is  certain,  by  all  the  obfervations  made  at  Paris  and  other  pla¬ 
ces,  that  Since  1730  the  obliquity  is  no  more  than  23°  28'  20";  and  that  there 
cannot  be  an  error  of  5"  in  this  determination  of  it:  it  has  therefore  grown 
53"  lefs  in  80  years;  which  is  very  near  1  in  90  years:  and  this  agrees,  with¬ 
in  5",  with  the  obfervations  of  Richer ,  De  la  Hire ,  Roemer ,  and  Bianchini . 
Whatever  may  be  thought  of  Godin  s  objection  to  correcting  the  obfervations 
made  at  Alexandria  and  other  places  by  the  table  of  refractions  for  Paris,  I 
fee  no  reafon  for  his  questioning  Louviile  s  determination  of  the  height  of  the 

a  atmagfjl.  1.  3.  c.  27,  iff  ajlronom.  reformat.  1.  1 .  c.  6-  b  frokgem-  in  hiflor  calef.  vol.  3. 

Sec  alio  fhiloi  uanlait.  n.  163. 

pole 
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pole  at  Marleilles;  fince  it  appears  by  his  diflertation  to  have  been  very  care¬ 
fully  taken,  with  a  quadrant  of  3  feet  radius  furniffied  with  tclefcopic  fights. 

804  Godin  will  have  it  that  the  ecliptic  approaches  nearer  to  the  equator, 
and  that  the  equator  is  immoveable:  he  fuppofes  the  axis  of  this  motion  to 
pafs  through  the  equinoctial  points,  he  does  not  fay  whether  he  means  the 
places  of  them  as  now  fituated,  or  as  they  are  continually  changing  by  the 
preceflion;  but  feems  to  mean  the  latter:  he  fuppofes  alfo  that  the  orbits  of 
all  the  reft  of  the  planets  are  invariable,  whilft  the  orbit  of  the  earth  only 
is  perpetually  changing:  thefe  are  fuppofitions  not  very  eafy  of  digeftion:  if 
they  be  granted,  it  is  certain  the  latitudes  of  ftars  muft  change  in  proportion 
to  the  motion  of  the  ecliptic ;  but  their  declinations  no  otherwife  than  from 
the  preceftion  of  the  equinox:  he  thinks  he  has,  from  the  declinations  of  ftars 
fet  down  by  Ptolemy  compared  with  what  they  are  at  prefent,  found  that 
the  greateft  part  of  them  have  changed  their  latitudes,  fince  the  time  of  that 
aftronomer,  as  much  as  his  fuppofed  motion  of  the  ecliptic  would  caufe  them 
to  do;  but  owns  at  the  fame  time  that  feveral  ftars  favoured  the  contrary  o- 
piniona:  he  goes  on  to  ftiew  that  this  motion  of  the  ecliptic  would  caufe  that 
circle  to  cut  the  orbits  of  the  planets  fucceftively  in  different  points,  but  dif¬ 
ferent  orbits  in  a  different  manner;  by  reafon  of  their  different  inclinations: 
the  confequence  of  this  is  that  their  inclinations  to  the  ecliptic  muft  be  chan¬ 
ged,  and  their  nodes  muft  have  a  retrograde  motion,  a  little  different  from 
one  another,  as  well  as  different  from  what  arifes  from  the  motion  of  the  e- 
quinodtial  points. 

805  If  there  be  any  change  in  the  obliquity  of  the  ecliptic,  which  I  think 
to  be  very  probable,  it  may  be  caufed  either  1  by  a  change  in  the  inclina¬ 
tion  of  the  earth’s  axis,  the  plane  of  the  earth’s  orbit  continuing  immovea¬ 
ble:  or  2  by  a  change  in  the  plane  of  the  earth’s  orbit,  the  axis  of  the  earth 
continuing  parallel  to  it  felf:  or  3  by  a  change  both  in  the  inclination  of  the 
axis  and  in  the  fituation  of  the  orbit  of  the  earth.  The  firft  of  thefe  feems 
moft  likely  to  be  the  cafe ;  for  if  we  conffder  the  ftiape  of  the  earth ,  that  it 
is  an  oblate  fpheroid,  or  a  globe  a  little  flatted  like  a  turnep,  having  its  dia¬ 
meter  at  the  poles  a  little  fhorter  than  at  the  equator ;  and  that,  by  reaion  of 
this  figure  of  the  earth,  the  attraction  of  the  heavenly  bodies  will  a  it  upon  it 
in  the  fame  manner  as  if  it  had  a  ring  round  the  equator;  and  that  the  fun, 
being  in  the  plane  of  the  ecliptic,  is  perpetually  pulling  this  ring,  or  the  pro¬ 
tuberant  parts  about  the  equator  of  the  earth,  towards  a  coincidence  with  die 
plane  of  the  ecliptic;  which  adtion  of  the  fun,  together  with  the  like  attrac¬ 
tion  of  the  moon,  is  the  caufe  of  the  preceffion  of  the  equinoxes,  as  I  lhall 

a  See  §  794. 
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Giew  more  at  large  when  I  come  to  treat  of  the  cauies  or  tire  planetary  mo¬ 
tions;  if  I  lay  we  confider  ail  this,  it  will  not  appear  improbable,  that  thefe 
actions  of  the  fun  and  moon,  which  have  a  continual  tendency  to  bring  the 
plane  of  the  earth’s  equator  nearer  to  the  plane  of  the  ecliptic,  fhould  gra¬ 
dually  diminilh  the  angle  between  thole  planes.  T  he  moon  indeed, being  near¬ 
er  to  the  earth,  contributes  more  than  the  fun  towards  this  effect,  by  her  at¬ 
traction;  for  though  Die  is  but  twice  a  month  in  the  ecliptic,  yet  fince  the 
is  always  near  it,  never  deviating  much  above  50  from  that  circle,  and  thefe 
deviations  are  as  much  towards  the  north  in  one  half  of  her  period  lound 
the  earth  as  they  are  towards  the  fouth  in  the  other,  they  will  lo  balance 
one  another,  that  the  eflfed  of  the  whole  attradion  of  the  moon  will  be  pret¬ 
ty  much  the  fame  as  if  (he  were  carried  round  the  earth  exadly  in  the  plane 
of  the  ecliptic.  I  do  not  here  abfolutely  exclude  all  change  in  the  pofiuon  of 
the  ecliptic a;  for,  as  the  planets  move  round  the  fun  in  different  planes,  their 
mutual  attradions  muft  have  a  tendency  to  change  the  lituation  of  all  then 
planes,  and  bring  them  nearer  to  a  coincidence  with  one  another:  but  then 
the  diftances  of  the  planets  from  each  other  is  lo  great,  that  the  change  heie 
mentioned  may  be  fo  exceedingly  fmall  as  not  to  become  l'enlible  in  marq  a- 

ges. 

Remarks  upon  §  798  note  b  pag.  276. 

806  Moft  of  the  ancient  obfervations,  which  are  come  down  to  us,  were 
made  at  Alexandria  in  Egypt,  where,  to  fpeak  in  round  numbers,  which  are 
fufficient  in  this  cafe,  the  height  of  the  pole  is  3  i°s  the  height  of  the  equa¬ 
tor  590;  the  height  of  the  fun  in  the  winter  folftice  3  50,  at  which  height  re- 
fradion  is  about  i'j;  the  height  of  the  fun  at  the  fummer  folftice  82c,^at 
which  height  refradion  is  about  7";  fo  that  refradion,  in  that  latitude,  by 
increaling  the  fun’s  apparent  meridian  altitude  above  1'  more  at  the  winter 
than  at  the  fummer  folftice,  diminillies  the  diftance  between  the  tropics  as 
much;  and  confequently  leffens  the  obliquity  about  half  that  quantity  .  v\  v 
know  that  Ptolemy  determines  the  fun’s  horizontal  parallax  to  be  very  near 
2  ;  whereas  it  does  not  amount  to  above  id',,  as  we  fhall  fee  in  the  follow  - 
ing  chapter:  if  the  ancients  conhdered  Ptolemy  s  parallax  in  this  affair,  as  I 
beTieve  they  did  notb,  this  at  the  altitude  of  35°  is  almoft  2~,  and  at  the  al¬ 
titude  of  82°  not  more  than  2  1";  and  then  thefe  miftakes  about  the  parallax 
and  refradion,  would  occafion  their  fettling  the  obliquity  of  the  ecliptic  a- 
bout  lefs  than  they  would  otherwile  have  done. 

b  It  is  certain  Ptolemy  did  not;  fee  his  almagejl  l.  I  c.  IO* 


a  See  §  794. 


Remarks 


chap.  1 6.  ASTRON  O  M  Y  2S5 

Remarks  upon  §  798  note  c  pag.  277. 

807  It  is  impofiible  to  explain  this  tradition  of  the  Egyptians  of  the- di¬ 
urnal  rifing  and  fetting  of  the  fun;  but  it  they  meant  it  ol  his  annual  riling 
and  fetting,  and  by  that  expreffion  underftood  his  entrance  into  the  points  of 
the  vernal  and  autumnal  equinox,  fome  l'enfe  may  be  made  of  ita:  they  lup- 
pofed  the  equator  immoveable,  and,  if  they  had  found  by  oblervation  that 
the  obliquity  of  the  ecliptic  gradually  diminifhed,  they  might  naturally  con¬ 
clude  the  ecliptic,  or  circle  of  the  lull’s  apparent  annual  motion,  would  in 
time  be  coincident  with  the  equator;  at  which  time  there  would  be  a  perpe¬ 
tual  equinox  over  the  face  of  the  whole  earth:  that  thence  forward  the  eclip*- 
tic  would  decline  from  the  equator  the  contrary  way;  fo  that  the  femicircle 
of  the  ecliptic  which  is  now  on  the  north,  would  be  then  on  the  fouth  fide 
of  the  equator:  this  would  change  the  feaions  of  the  year,  in  fuch  a  manner 
that  the  fummer  would  happen,  in  Egypt,  when  the  fun  was  in  north,  the 
winter  when  he  was  in  fouth  declination;  the  fpring  would  begin  when  the 
fun  entered  into  ^and  the  autumn  when  he  entered  into  Y:  it  is  ealy  to  lee 
that,  fuppofing  this  motion  of  the  plane  of  the  ecliptic  to  be  conftant,  it 
would  caufe  the  viciffitudes  of  the  fpring  beginning  alternately,  though  with 
a  very  long  interval  of  time  between,  when  the  fun  was  in  T  and  the 
Egyptians,  refolving  to  raife  their  pretenfions  to  antiquity  high  enough, 
gave  it  out  that  four  fuch  changes  had  been  actually  obferved  by  their  nation. 

Remarks  upon  the  table. 


80S  The  moll  ancient  obfervation  here  mentioned  is  that  of  Pytheas  of 
Marfeilles,  not  that  he  was  the  firlb  who  is  recorded  to  have  obferved  the  o- 
bliquity  of  the  ecliptic,  for  we  are  told  Phales*  and  Anaximander ‘did  it  near 
300  years  before  him;  but  we  are  nor  informed  what  they  found  it  to  be:  the 
only  ancient  account  of  the  obfervation  ot  Rytheas  is  in  Strabo  l.  2,  wheie  he 
is  fa  id  to  have  found  that,  at  Marfeilles,  at  the  lummer  fodtice,  the- length 
of  the  gnomon  was  to  the  length  oi  its  fhadow,  as  120  to  42  wanting  a  5th* 
by  the^th  I  fuppofe,  with  Gaffendus  and  Loaville ,  is  meant  a  5th  of  one  of 
the  120  parts  into  which  the  gnomon  was  divided;  the  gnomon  then  was  to- 
the  fhadow,  in  whole  numbers,  as  600  to  209:  fay  then,  as  600  to  209,  fo 
is  radius  to  the  cotangent  of  the  height  of  the  fun’s  upper  edge;  which  comes 
out  ?o°4 7  41":  this  corre&ed  by  taking  away  for  refraction  20",  the  femi- 
diameter  of  the  fun  15  49",  and  adding  parallax  3",  gives  the  true  height  of 


a  Fracaftorius  in  bomocentricis,  §  3  c  8.  b  Laertius  in  Ihalets. 


c  Laertius  in  Anaximandro: 
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the  fun’s  center  70"  3  f  3  5":  from  whence  take  away  the  height  of  the  equa¬ 
tor  at  Marfeilles,  obferved  by  Louville  46°  42  12",  there  remains  the  obliquity 
of  the  ecliptic  in  the  time  of  Pytheas  2ft  4.9  23". 

809  Since  Ptolemy  all  aftronomers  feem,  after  his  example,  to  have  retained 
the  obliquity  fettled  by  Eratojlhenes ,  till  the  time  of  Almamon:  that  Prince, 
afiified  by  many  learned  men,  found  the  greateft  meridian  height  of  the  fun 
at  Bagdat  to  be  8o°  1 5  ;  the  leal!  330  5  :  the  leaft  being  fubtra&ed  from  the 
greatefi,  the  remainder  47°  io'  is  the  diftance  between  the  two  tropics;  half 
of  which,  2  30  3  5',  is  the  obliquity.  Albatennius ,  about  the  fame  time,  brought 
out  the  fame  obliquity,  from  his  own  obfervations:  I  have  fet  down  his  own 
words3-  becaule  his  book  is  not  common;  it  appears  from  them,  that  he  did 
not  confider  the  parallax  of  the  fun  at  all,  though  fome  writers  tell  us  the 
contrary.  Arzakel ,  who  is  much  commended  for  his  abilities  by  Aben-Ez- 
rah ,  found  the  obliquity  i  lefs  than  Albatennius ,  for  his  numbers  are  230 
34',  according  to  molt  writers,  though  Flamfteed  fets  them  down  half  a  mi¬ 
nute  lefs:  from  thence  forward  we  find  the  obliquity  leffening,  till  the  time 
of  'Tycho,  when  refraction  came  firft  to  be  confidered  in  this  affair;  though 
Walther  and  even  Regiomontanus c  had  before  obferved  refraction  to  alter  the 
altitudes  of  the  heavenly  bodies. 

The  letter  F  on  the  fide  of  the  table  intimates  the  obfervation  to  be  taken 
from  Flamfteed,  R  from  Ricciolus  s  almagefl  or  aftronomia  reformat  a,  L 
from  Louville,  thole  which  have  no  letter  prefixed  are  from  the  authors  thern- 
lelves:  the  meafure  of  Eratojlhenes  as  well  as  that  of  Ptolemy  is  from  Ptole¬ 
my's  almagefl  /.  1  c.  10.  As  to  the  years  fet  down  in  the  table,  I  have  follow¬ 
ed  the  authors  from  whence  I  took  the  obfervations:  there  are  in  the  table  a 
few  infiances  where  the  angle  of  the  obliquity  of  the  ecliptic  feems  to  in- 
creale,  being  greater  by  a  fublequent  obfervation  than  more  ancient  ones  had 
determined  it;  but  this  increafe  never  rifes  much  above  2/,andfo  fmall  a  dif¬ 
ference  may  very  well  be  attributed  to  the  inaccuracy  of  the  oblervers:  where¬ 
as  the  difference  of  above  20  between  the  moft  ancient  and  the  lateff  obfer¬ 
vations  is  too  great  to  be  accounted  for  any  other  way,  than  by  an  aCtual  di¬ 
minution  of  the  angle  between  the  equator  and  ecliptic:  if  we  will  allow 

a  Nos  ant  cm  in  hoc  noflro  tempore  cum  Alhidada  longijjima,  &  latere,  quorum  opus  id  doftrina  in  A/rna- 
grJii  hb)  0  docetnr,  pojl  part  turn  dirninutionem  (i.  e.  di-vifioncm  J  id  pojitionis  injlrumenti  <verificationem,  tarn 
opt  imam  quam  ejfe  pojjit,  frequenter  obfer<vai’imus,  folifque  propiorem  afcenjum  pun  do  zenith  capitis  in  mcdij 
dui  circulo  in  Arabia  civitate  I  2  graduum,  id  26  minutorum,  remotiorem  autem  ejus  elongationcm  3 9  g ra¬ 
dii  um  id  36  minutorum  ejfe  depr ehendim us.  Per  hoc  ergo  probation  ejl  quantitatem  arcus  inter  duo  folJUtia  47 
graduum,  id  l  o  minutorum  exijlere,  declmationemque  circuli  Jignorum  ab  aquinoEliali  circulo,  non  niji  h arum 
pa>  toon  medietatetn  quod  ejl  23  graduum  £5’  3  3  minutorum  obtmere.  De  fcientia  Jiellarum  c.  4. 

b  a  pud  Scaliger.  de  emenaat.  temper.  c  Snellius  in  appendice  ad  obfervationes  HalliacaS 
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the  ancients  to  have  had  eyes  and  inftruments,  and  to  have  ufed  any  tolera-  Fig. 
ble  care  in  their  obfervations.  I  fhall  here  give  fome  of  the  numbers  correct¬ 
ed  by  the  parallax  of  the  fun,  fuppofing  his  horizontal  parallax  10",  and  al¬ 
lowing  for  refraction  according  to  Newton's  table  of  refraCtion  §  765 ;  where 
it  muff  be  owned  we  cannot  be  fo  accurate  as  is  to  be  wifhed,  by  reafon  of 
the  difference  of  refraCtion  in  different  places  upon  the  earth,  and  at  diffe¬ 
rent  times  of  the  year  in  the  fame  place.  With  this  correction,  the  obliqui¬ 
ty  of  the  ecliptic  comes  out  from  the  obfervations  of£ ratofthenes  230  51  51", 
of  Ptolemy  2  30  49  16",  of  Albatennius  23°  35'  35",  of  Arzakel  230  34"  42'', 
of  Prophatius  230  32'  42",  of  Ulng  Beigh  23°  30'  58",  of  Copernicus  230  30' 

7  ,  of  Walther  2^°  2 (j  1 5",  of  the  Prince  of  Hejfe  230  30'  20',  of  Tycho  23° 

29  o",  of  Hevelius  23°  29'  o  '. 


CHAP.  17.  OF  THE  PARALLAX  OF  THE  HEAVENLY  BODIES. 

810  In  fpeaking  of  the  places  of  the  heavenly  bodies  in  the  fphere  of  the 
heaven,  we  have  hitherto  confidered  them  as  if  they  were  viewed  from  the 
center  of  the  earth;  or,  which  would  be  the  fame  thing,  as  if  the  earth  were 
but  a  point;  that  is,  as  if  the  diftance  between  the  center  and  furface  of  the 
earth  were  infenfible,  when  compared  with  the  diftances  of  the  heavenly 
bodies  from  us:  this  is  true  with  regard  to  the  fixt  ftars,  fee  §  274,  and  in  a 
great  meafure  alfo  in  refpeCt  of  the  lun,  and  all  the  planets  except  the  moon: 

in  fig.  68,  let  a  b  d  be  the  earth,  p  z  o  part  of  the  fphere  of  the  heaven,  now,  68 
though  we  are  lure,  by  geometrical  reafoning,  that  if  two  ifrait  lines  were 
to  be  drawn  from  any  two  different  points  of  the  furface  of  the  earth  as  A 
and  B  to  the  center  of  the  fun  or  any  of  the  planets  at  h they  would  form 
an  angle  a  h  b  ;  and  if  they  were  prolonged  from  thence  to  the  fphere  of  the 
heaven  they  would  crofs  one  another  and  terminate  in  two  points  thereof  n 
and  o,  which  would  be  at  fome  diftance  from  one  another;  yet  this  diftance 
is,,  for  the  moft  part,  too  final!  to  be  taken  by  any  inftrument^  this  diftance 
between  the  points  n  and  o  is  called  the  parallax ,  which  is  laid  to-  bz  j ena¬ 
ble  when  great  enough  to  be  difcoverable  by  obfervation ;  infenfible  when  too 
fmall  to  be  meafured  by  any  inftrument:  the  word  parallax  in  greek  figni- 
fies  any  kind  of  change  in  general;  but,  in  aftronomy,  the  parallax  of  a  phe¬ 
nomenon  is  the  change  of  its  apparent  place  in  die  fphere  of  the  heaven,  cau- 
fed  by  its  being  feen  from  different  points  of  view.. 

8 1 1  T he  diurnal  parallax  of  a  phenomenon,  which  is  generally  under- 
flood  when  the  word  is  ufed  without  any  epuhete,  is  the  arc  of  a  great  cir- 
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Fjo.  els  in  the  fphere  of  the  heaven,  contained  between  the  point  wherein  it  ap¬ 
pears  to  a  fpe&ator  upon  the  furface  of  the  earth  and  the  point  wherein  it 
would  appear  if  it  were  viewed  by  a  fpeeftator  at  the  centei  01  the  earth,  the 
former  of  thefe  points  is  called  the  apparent  place ,  the  latter  the  true  place  of 
the  phenomenon:  it  is  called  diurnal  parallax  to  diftinguifh  it  from  the  an¬ 
nual,  and  becaufe  it  arifes  from  the  femidiameter  of  the  earth  whofe  revolu¬ 
tion  round  her  axis  caufes  the  viciilitude  of  day  and  night,  or  becauie  it  is 
alterable  by  the  diurnal  rotation  of  the  earth  which  changes  the  apparent  al¬ 
titudes  of  the  heavenly  bodies  and  confequently  their  parallax. 

8  12  A  phenomenon  which  at  different  altitudes  continues  at  the  fame  di- 
ftance  from  the  center  of  the  earth  has  the  greater  parallax  the  farther  it  ap¬ 
pears  from  the  zenith  of  the  obferver:  therefore  the  parallax  is  greateft  in 
the  horizon.  A  phenomenon  that  appears  in  the  zenith,  whatever  its  diltance 
68  from  the  earth  is,  has  no  parallax:  thus,  if  a  phenomenon  be  at  h,  in  the 
vifible  horizon  of  a  fpe&ator  at  a,  its  parallax  is  the  arc  no;  its  apparent 
place  is  o ;  its  true  place  n  :  if  it  be  at  fome  height  above  the  horizon,  as  at 
g,  its  parallax  is  lm;  which  is  lefs  than  no:  if  it  be  higher,  as  at  f,  its  pa¬ 
rallax  is  i  k;  lefs  than  l  m:  if  it  be  at  e  or  e,  it  appears  in  the  zenith,  at  z; 
and  has  then  no  parallax:  for,  the  lines  a  z  and  c  z  coinciding,  its  apparent 
place  is  the  fame  with  its  true  place. 

813  Parallax  always  diminijhes  the  altitude  of  a  phenomenon,  or  makes 
it  appear  lower  than  it  would  do  from  the  center  of  the  earth:  thus,  o  the 
apparent  place  of  h  is  farther  from  the  zenith  z  than  its  true  place  n  is;  in 
like  manner,  m  the  apparent  place  of  g  is  lower  than  its  true  place  l;  and  k 
the  apparent  place  of  f  is  lower  than  its  true  place  1.  This  change  of  the  al¬ 
titude  by  parallax  may,  according  to  the  different  fituation  of  the  ecliptic 
and  equator  in  refpe<ft  of  the  horizon  of  the  fpe&ator,  caufe  an  apparent  pa¬ 
rallax  or  change  of  the  latitude,  longitude ,  declination ,  and  right  afeenjion ,  of 
69  the  phenomenon;  or  it  may  change  only  fome  of  them:  thus,  fig.  69,  let 
H  o  be  the  horizon,  f.  c  part  of  the  ecliptic,  p  the  pole  of  the  ecliptic,  z  the 
zenith,  z  v  an  arc  of  a  vertical  drawn  through  1  the  true  place,  and  f  the 
apparent  place  of  a  planet,  let  d  a  be  a  circle  of  latitude  drawn  through  the 
planer’s  true  place,  and  d  b  a  circle  of  latitude  drawn  through  its  apparent 
place;  it  is  manifeft  that  the  parallax  of  altitude  f  i,  by  changing  the  place 
of  the  planet  from  1  to  f,  alters  its  latitude  from  b  i  to  a  f  ;  it  alters  its  lon¬ 
gitude  alfo  as  much  as  the  arc  a  b  amounts  to  §  659.  If  the  place  of  a  pla¬ 
net  be  in  a  vertical  circle  which  cuts  the  ecliptic  in  the  ninetieth  degree  from 
the  horizon,  that  is  which  cuts  the  ecliptic  at  right  angles,  the  parallax  will 
change  the  latitude  of  the  planet,  but  not  its  longitude:  thus,  if  a  planet  be 
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in  the  point  k  of  the  vertical  z  e  h,  this  vertical  being  perpendicular  to  the  Fig- 
ecliptic,  and  confequently  a  circle  of  latitude,  by  the  definition  §  646,  the  69 
parallax  of  latitude  kl  will  be  the  fame  with  the  parallax  of  altitude;  but, 
fince  the  fame  circle  of  latitude  peh  pafies  through  the  true  place  k  and 
the  apparent  place  l,  the  parallax  of  altitude  k  l  does  not  change  the  longi¬ 
tude.  Let  e  c,  which  before  reprefen  ted  the  ecliptic,  be  now  the  equator,  p 
the  pole  of  the  equator,  peh  the  meridian,  pib  a  circle  of  declination  pall¬ 
ing  through  the  true  place,  and  p  f  a  a  circle  of  declination  palling  through 
the  apparent  place  of  the  planet;  the  point  b  Ihews  the  true,  and  the  point  A 
the  apparent  right  afeenfion  of  the  planet,  and  b  a  is  the  parallax  of  right  a- 
feenfion:  1  b  is  its  true,  f  a  its  apparent  declination,  and  their  difference  is 
the  parallax  of  declination:  if  the  ftar  be  in  the  meridian  as  at  k,  the  paral¬ 
lax  of  declination  will  be  kl  the  fame  as  the  parallax  of  altitude;  but  there 
will  be  no  parallax  of  right  afeenfion:  becaufe  the  fame  circle  of  declination 
peh  pafies  through  the  apparent  place  l  and  the  true  place  k. 

814  The  parallaxes  of  any  two  phenomena  as /'and  h  whofe  difiances  68 
from  the  center  of  the  earth  are  different,  and  apparent  difiances  from  the 
zenith  equal,  are  reciprocally  as  their  difiances  from  the  center  of  the  earth: 
thus,  if  the  difiance  of  h  from  c  be  double  the  difiance  of /from  c,  the  pa¬ 
rallax  of/  will  be  double  the  parallax  of  h.  The  converfe  of  this  is  true;  if 
the  parallax  of  /be  double  the  parallax  of  h  the  diftance  of  h  is  double  the 
difiance  of / from  the  earth. 

815  One  ufe  of  the  knowledge  of  parallaxes  is  to  find  the  true  place  of  a 
phenomenon:  in  all  obfervations  of  the  heavenly  bodies,  it  is  necefiary  to 
know  how  much  they  are  deprefied  by  parallax,  that  by  adding  fo  much  to 
their  apparent  we  may  have  their  true  altitudes:  indeed  in  all  of  them  except 
the  moon  the  parallax  is  fo  fmall,  that,  in  mofi  cafes,  we  need  not  take  any 
account  of  it,  but  then  to  know  it  to  be  thus  fmall  is  of  good  ufe,  to  prevent 
our  falling  into  the  mifiakes,  and  help  us  to  correct  the  obfervations  of  thole 
who  have  fuppofed  it  too  great;  as  all  afironomers  till  of  late  have  done: 
thus,  Ptolemy  fettled  the  horizontal  parallax  of  the  fun  when  in  perigee  about 
f ;  as  Tycho  did  alfo:  Kepler  diminilhed  it  to  1  :  but,  by  the  lateft  and  belt 
obfervations,  it  is  found  not  to  exceed  10". 

Another  ufe  of  parallaxes  is  to  find  the  diftance  of  the  heavenly  bodies  from 
the  earth:  thus,  the  horizontal  parallax  of  any  one  ol  them  being  known, 
its  diftance  from  the  earth  may  be  found;  by  §  143:  lee  the  moon’s  diftance 
found  by  her  horizontal  parallax,  §  147.  The  parallax  of  a  phenomenon  at 
any  given  altitude  being  known  its  diftance  from  the  earth  may  be  found: 

fee  the  remarks,  §  825.  o  ... 

O  o  816 
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Fig.  816  The  moon  being  the  neareft  to  the  earth  of  all  the  heavenly  bodies, 
her  parallax  is  the  greateft,  and  confequently  the  moft  eafy  to  be  determined) 
it  amounts  to  about  a  whole  degree,  as  we  fhall  fee  when  the  moon  comes  to 
be  treated  of.  The  fun  and  all  the  primary  planets,  except  mars  and  venus 
when  in  perigee,  are  at  fo  great  diflances  from  the  earth,  that  their  parallax 
is  too  fmall  to  be  obferved.  When  mars  is  in  oppofition  to  the  fun,  his  di¬ 
stance  from  the  earth  is  but  half  fo  much  as  the  fun’s  diftance  from  the  earth) 
and  confequently  his  parallax  is  then  double  to  that  of  the  fun:  Tycho  in  the 
year  3582  endeavoured  with  incredible  diligence  to  difcover  the  parallax  of 
mars  in  oppofition j  but  Kepler ,  having  examined  "Tychos  obfervations,  con¬ 
cluded  from  them  that  mars’s  parallax  was  fcarcely  fenfible3. 

817  The  horizontal  parallax  of  a  phenomenon  would  b e  found  diredily, 
if  it  were  to  be  feen  by  two  obfervers,  diftant  from  each  other  90°  of  a  great 
circle  upon  the  earth,  and  fo  fituated  that  one  of  them  faw  the  phenomenon 
in  his  zenith,  the  other  in  his  horizon:  the  diftance  between  the  two  points 
in  the  Sphere  of  the  heaven  in  which  the  phenomenon  appeared  to  them 
68  would  be  its  parallax:  thus,  fig.  68,  let  a  phenomenon  be  at  h,  to  an  obfer- 
ver  at  b  it  appears  in  his  zenith  at  n  )  to  one  at  a  it  appears  in  his  horizon 
at  O)  its  horizontal  parallax  is  n  o.  This  method  is  mentioned  for  the  eafi- 
nefs  of  conceiving  it,  but  is  not  likely  to  be  put  in  practice,  and,  if  it  were,  ho¬ 
rizontal  obfervations  are  very  uncertain,  by  reafon  of  the  variablenefs  of  re¬ 
fraction  in  or  near  the  horizon:  but  the  parallax  of  a  phenomenon  at  any- 
known  altitude  being  found,  its  horizontal  parallax  may  be  computed  from 
thence,  in  the  manner  fet  down  in  the  remarks b.  Alfo  if  two  obfervers  not  fo 
far  diftant  as  90°  obferve,  at  the  fame  time,  meridian  altitudes  of  a  pheno¬ 
menon,  the  difference  of  declination  which  comes  out  from  thofe  altitudes 
is  the  parallax  owing  to  the  difference  of  latitude  of  the  places  of  obfervati- 
on,  this  being  known  the  horizontal  parallax  which  would  arife  from  a  di¬ 
ftance  of  90°  may  be  computed  from  it:  thus  the  meridian  altitudes  of  mars 
in  perigee  were  obferved  at  the  fame  time  at  Paris  by  CaJJini ,  and  at  Cay¬ 
enne c,  by  Richer ;  and  the  horizontal  parallax  of  mars  computed  from  thence: 
the  belt  way  to  have  found  the  parallax  of  mars,  by  obfervations  made  at 


a  Ricciol.  almagef  l.  7  c.  3.  b  §  825,  corollary  2. 

c  Cayenne  is  an  ifland  on  the  coaft  of  N-  America,  in  the  latitude  of  4°.  56'.  1  8'h  diftant  from  Paris 
•  3h.  39'.  in  longitude,  weftward,  hither  Richer  went  by  order  of  the  R.  .Academy  of  fciences  to  make  ob¬ 

fervations,  amongft  other  things,  of  the  meridian  altitudes  of  mars  and  venus  in  perigee,  and  of  fome  fiars 
near  them  :  the  Meftieurs  of  the  Academy  refolving  to  do  the  fame  at  Paris  and  other  places  in  France,  in 
order  to  difcover  the  parallaxes  of  thofe  two  planets.  I  have  here  given  the  refult  ol  their  obfervations, 
which  may  be  feen  more  at  large,  in  Obfervations  Afironotniques  OS  Phyjiques  fades  en  I'tjle  de  Cayenjufar 
Richer  p.  14.  Of  e!?  me  ns  d' Ajbonom'e  verifez,  par  Caflini,  p.  5.  OS  feqq- 


thofe 
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thofe  two  places,  would  have  been  to  have  obferved  with  the  telefcope  an 
occultation  of  fome  fixt  ftar  by  mars'* ;  if  this  had  appeared  exactly  the  fame 
in  both  places,  it  would  have  fhewn  that  mars  had  no  fenfible  parallax;  i i  he 
had,  the  moment  that  the  upper  edge  of  mars’s  difk  appeared  at  Cayenne  to 
touch  the  ftar,  it  would  at  Paris  have  appeared  a  little  lower  than  the  itar; 
and  when  the  lower  edge  of  the  planet  appeared  at  Paris  to  touch  the  Itar,  it 
would  at  Cayenne  have  appeared  a  little  higher  than  the  itar:  and  thei'e  di- 
ftances  of  mars  from  the  ftar  feen  in  one  place  and  not  in  the  other  would 
have  been  owing  to  the  parallax. 

818  As  they  had  not  an  opportunity  of  making  fuch  an  obfervation  in 
both  places  at  the  fame  timeb,  they  took,  the  lame  day  at  Paris  and  Cayenne, 
meridian  altitudes  of  mars  and  of  a  fixt  itar  in  aquarius  nearly  of  the  fame 
declination  as  that  planet  then  had;  in  order  to  find  whether  the  difference 
between  the  altitudes  of  mars  and  that  ftar,  were  the  fame  at  Cayenne,  as 
at  Paris:  if  it  were,  fince  the  ftar  has  no  parallax,  the  declination  of  mars 
would  come  out  the  fame  from  the  obfervations  in  both  places;  and  his  pa¬ 
rallax  would  be  infenfible:  if,  on  the  contrary,  the  difference  between  the 
altitudes  of  mars  and  of  the  ftar  were  obferved  to  be  greater  at  one  place 
than  at  the  other,  this  would  fhew  a  difference  between  the  declination  of 
mars  as  calculated  from  the  obfervations  of  him  in  one  place  and  his  declina¬ 
tion  as  it  came  out  from  the  obfervations  in  the  other  place ;  which  diffe¬ 
rence  would  be  the  parallax  of  mars,  arifing  from  his  being  viewed  by  two 
obfervers  diftant  from  each  other  as  much  as  the  arc  of  a  great  circle  contain¬ 
ed  between  the  parallels  of  Paris  and  Cayenne  amounts  to. 

Scholium.  It  is  eafy  to  fee  that,  in  order  to  find  whether  the  declinations  of 
mars  would  come  out  the  fame  from  his  meridian  altitudes  in  Paris  and  Cay¬ 
enne,  the  difference  between  the  latitudes  of  thofe  places  muft  be  known : 
but,  befides  this,  their  difference  in  longitude  muft  alfo  be  confidered:  now 
this  is  fuch,  that  any  of  the  heavenly  bodies  comes  to  the  meridian  of  Cay¬ 
enne  3h4o'  later  than  to  the  meridian  of  Paris:  in  this  interval  of  time,  mars, 
by  his  motion  in  his  orbit,  changes  his  declination;  and,  though  this  change 
be  very  fmall,  it  is  neceftary  to  know  exactly  what  it  is,  in  an  affair  of  fo 
great  nicety  as  that  before  us;  this  is  known  by  comparing  the  meridian 
height  of  mars  taken  the  night  immediately  before  with  his  meridian  height 
taken  the  night  after  the  obfervation  of  him  from  whence  the  parallax  is 
fought:  for  this  fhews  what  the  change  of  his  declination  is  in  the  interval 
of  24  hours;  from  whence,  by  the  rule  of  proportion,  it  is  eafily  found 
what  it  is  in  3h  40k 

a  <v.  let  element  d'ajlronomie  <vertfie%  p-  34-  b  ibid.  p.  35. 
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819  The  three  obfervations  of  the  meridian  altitudes  of  mars,  made  the 
fame  nights  at  Paris  and  Cayenne,  by  which  his  parallax  was  found,  were 
in  the  month  of  feptember  1672:  by  the  fir  ft  obfervation,  fept.  5,  mars  ap¬ 
peared  12";  by  the  fecond  obfervation,  fept.  9,  13";  by  the  third,  fept.  24, 
17"  more  fomherly,  at  Paris ;  than  he  would  have  done,  at  the  fame  moment, 
under  the  fame  meridian,  in  the  latitude  of  Cayenne:  Cajjini  fays  that  the  third 
number  fhould  have  been  lefs  than  the  fecond,  becaufe  mars  was  a  little  far¬ 
ther  from  the  earth  at  the  time  of  the  third  obfervation,  than  at  the  fecond; 
and  therefore  his  parallax  fhould  have  then  been  lefs:  but  an  error  of  a  few 
feconds  is  unavoidable  in  fuch  obfervations:  he  thought  the  bell  way  was  to 
fplit  the  difference  between  the  fecond  and  third  obfervations,  and  make  the 
parallax  of  mars,  owing  to  the  difference  between  the  latitudes  of  Paris  and 
Cayenne,  1 5" 3  from  whence  the  horizontal  parallax  of  mars  at  that  time  is 
by  calculation  25V  v.  les  element  d' djlronoraie  verifies:-  p.  39. 

820  Mars  is  neareft  to  the  earth  and  his  parallax  the  greateft  of  all,  when 
he  is  in  oppofition  at  the  fame  time  that  he  is  in  perihelion;  fuch  was  his  fi- 
tuation  in  the  year  1672,  when  Cafjini ,  by  the  methods  here  mentioned, 
§817  and  822,  from  his  own  obfervations  at  Paris-  and  thofe  of  Richer  at 
Cayenne,  determined  his  horizontal  parallax  to  be  25"!:  thofe  obfervations  of 
Cafjini  were  confirmed  by  thofe  of  Maraldiy  made  in  the  year  1704s,  and  a- 
gain  in  the  year  1 7 1 9  b  j  from  which  he  concluded  the  fun’s  parallax  to  be 
jo",  as  Cajjini  had  fettled  it  in  feveral  places  of  his  writings0:  at  the  time  of 
tajfini's  obfervations  the  diftance  of  mars  from  the  earth  was  to  the  mean  di- 
ftance  of  the  fun  from  the  earth,  as  25}  to  9^5  the  parallaxes  of  any  two 
phenomena  are  reciprocally  as  their  diftancesd,  and  therefore,  if  the  paral¬ 
lax  of  mars  be  25"^  the  fun’s  parallax  at  his  mean  diftance  comes  out  <JJ.  in- 
ftead  of  which  the  round  number  10"  is  ufualiy  aftigned  for  the  fun’s  pa¬ 
rallax.  There  are  other  methods  of  finding  the  fun’s  parallax  made  ufe  of  by 
the  ancients  and  Tome  of  the  moderns,  but  they  are  not  fo  accurate  as  thofe 
juft  now  mentioned;  they  require  alfo  fome  knowledge  of  the  moons  theory, 
in  order  to  the  more  eafily  underftanding  them:  I  Shall  therefore  referve  the 
explanation  of  them  to  a  more  proper  place. 

821  Venus  in  perigee  is  fo  near  the  fun,  that  her  parallax  cannot  eafily 
be  d  if  covered  by  comparing  her  with  any  fix  t  Stars0,  Venus  in  perigee  may 
fometimes.be  fo  near  one  of  her  nodes  as  to  appear  upon  the  difk  of  the  fun; 
thus  fhe  was  feen  nov.  24.  A.  D.  1639,  only  at  Hoole  in  Lancashire  by  Hor - 

a  WJioire  d'  acad.  ann.  I  ~o6.  b  Memoires  a"  a  ad.  aim.  1722.  c  Decoverte  de  la  lumierc 

tettjle  p.  22.  El-' metis ^  d  ajironotnie  p.  21.  U  §  8  1  4..  e  Hamel,  blft.  acad.  p.  109  J99.  Ma- 

raldi  memoires  d' acad*  1722.  1 

*  :  rox , 
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rox,  and  at  Manchefter  by  his  friend  Crabtree ,  to  whom  he  had  beforehand 
given  notice  of  that  uncommon  appearance21:  venus  will  not  be  again  vifible 
upon  the  fun’s  difk,  till  may  26.  1761,  and  then,  if  the  time  of  her  tranfit 
be  obferved  by  different  perfons,  in  different  parts  of  the  eaith,  m  tn^  man¬ 
ner  defcribed  by  H alley  in  the  philofophical  tianfadtions  n.  34(fi  paiallax 
from  the  fun,  i.e.  the  difference  between  her  parallax  and  the  fun’s,  may  be 
determined,  to  a  degree  of  accuracy  not  to  be  hoped  for  from  any  other  me¬ 
thod.  Mercury  appears  oftner  upon  the  difk  of  the  fun  than  venus,  but  his 
diftance  from  the  earth  at  that  time  wants  fo  little  of  being  equal  to  the  fun  s, 
that  his  parallax  from  the  fun  is  too  little  to  be  eafily  difcovered. 

822  The  parallax  of  a  phenomenon,  if  fenfible,  may  be  found  by  one  ob- 
ferver  only,  by  marking  the  apparent  difference  of  its  {filiation,  in  refpect  of 
fixt  ftars  that  are  near  it,  at  different  hours  of  the  fame  night:  if  I  make  ule 
of  this  method,  a  fixt  ftar  and  a  clock  that  beats  feconds  will  lupply  the  place 
of  another  obferver,  diftant  from  me  any  number  of  degrees  upon  the  earth 
lefs  than  a  quarter  of  a  circle;  for  all  that  he  could  tell  me  would  be,  that 
at'  the  fame  moment  when  I  viewed  the  phenomenon  at  a  certain  difiance 
from  the  fiar,  it  appeared  to  him  at  a  different  diftance  from  it;  which  is  the 
parallax  owing  to  the  diftance  of  our  two  places  of  obfervation:  fuppofe  that 
diftance  to  be  45  degrees,  the  rotation  of  the  earth,  in  a  certain  time  which 
may  eafily  be  computed  in  any  latitude,  fuppofe  tne  time  5  houis,  will  dai¬ 
ry  me  into  a  fituation  45  degrees  diftant  from  that  wherein  I  am- at  prefen t, 
and  confequently,  fuppofing  the  phenomenon  and  the  ftar  to  have  no  motion 
in  the  mean  time  befides  the  apparent  diurnal  motion,  I  fliall,  at  thefe  two 
different  times  of  obfervation,  one  now  the  other  five  hours  hence,  find  the 
fame  difference  between  the  diftances  of  the  phenomenon  from  the  ftar  as 
would  be  found  by  two  obfervers  diftant  45  from  each  other,  viewing  it  at 
the  fame  moment  of  time.  By  this  method,  which,  from  the  authors  here 
quoted21,  is  more  at  large  explained  in  the  remarks,  §  826,  Cajjiru  found  the 
parallax  of  mars  nearly  the  fame  as  by  that  mentioned  §  817:  by  the  fame, 
Flamjleed  at  one  time  determined  the  parallax  of  mars  to  be  lefs  than  30" b; 
and  at  another  time  not  to  exceed  25"°:  by  the  fame  method,  Bianchim  makes 
the  parallax  of  mars  to  amount  to  near  40":  fo  difficult  is  it  in  obfervations 
of  this  nature  to  be  certain  we  are  within  a  few  leconds  of  the  truth., 

a  Caffini  de  la  comete  ann- .  16S0  :  Bianchini  ap.  cda  ervdltor.  Lipft &  antt  1685  :  Whifloris  7th  agrono¬ 
mical  le&ure*  Digges  an  Englifh  gentleman,  invented  feveral  methods  of  finding  out  the  parallax  by  one 
obferver,  publifhed  in  his  als  feu  jcah  mathematics,  1573  ;  from- whom  fub.equent  authors  feem  to  have 
borrowed.  b  Phiiofcph.  tranfact  n  8g  and  96.  c  ibid. 
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ig.  823  c Tke  annual  parallax  of  a  phenomenon  is  the  change  of  its  apparent 
place  in  the  fphere  of  the  heaven,  which  is  caufed  by  its  being  viewed  from 
the  earth  in  different  parts  of  her  orbit:  the  annual  parallax  of  all  the  hea¬ 
venly  bodies  except  the  fixt  flars  is  confiderable :  it  is  the  motion  of  the 
earth  through  the  different  parts  of  her  orbit  that  caufes  the  fun  to  appear  e- 
very  day  of  the  year  in  a  different  point  of  the  ecliptic;  as  was  fhewn  §  642: 
and  it  is  from  the  fame  caufe,  namely  our  continually  changing  our  ftation, 
that  the  geocentric  places  of  the  planets  are  almoff  always  different  from  what 
they  would  be  if  they  were  viewed  from  any  fixt  point  in  the  orbit  of  the 
earth:  as  has  been  fhewn  in  the  8th,  9th  and  10th  chapters  of  this  book.  The 
reafon  of  this  is  plain,  the  diameter  of  the  earth’s  orbit,  bears  a  confiderable 
proportion  to  the  lemidiameters  of  the  orbits  of  the  molt  diffant  planets,  be¬ 
ing  more  than  a  5th  part  of  the  femidiameter  of  the  orbit  of  fa  turn;  and  a- 
bove  a  3d  of  the  femidiameter  of  jupiter’s  orbit:  but  it  bears  fo  fmall  a  pro¬ 
portion  to  the  femidiameter  of  the  fphere  of  the  heaven,  or  the  diffances  of 
the  fixt  fiars  from  us,  that  if  they  have  any  fenfible  parallax  it  is  exceeding¬ 
ly  fmall:  what  attempts  have  been  made  to  difcover  it,  and  with  what  fuc- 
cefs,  fhall  be  the  fubjedt  of  the  next  chapter. 

Remarks  upon^  812. 

824  In  order  to  fee  how  it  comes  to  pals  that  the  parallax  of  a  phenome¬ 
non  is  greater  the  lefs  its  altitude  is,  we  may  take  it  in  the  following  view; 

68  a  line  a  c  drawn  from  the  center  of  the  earth  to  the  place  of  the  lpedtator  is 
a  femidiameter  of  the  earth,  which,  if  we  fuppofe  it  to  be  viewed  from  the 
phenomenon  whofe  parallax  is  conlidered,  will  appear  under  an  angle  that 
may  be  called  the  angle  of  the  femidiameter:  thus,  if  the  phenomenon  be  at 
h,  the  angle  of  the  femidiameter  is  c  h  a;  if  at  g,  it  is  c  g  a,  &c.  —  The 
angle  of  the  femidiameter  is  equal  to  the  angle  of  parallax,  becaufe  vertical 
to  it:  thus,  c  11  a  is  equal  to  n  h  o;  and  therefore  either  of  thefe  is  called  the 
paralladfic  angle:  in  like  manner,  c  g  a  is  equal  to  l  g  m;  and  c  f  a  to  1  f  k. 
The  angle  of  the  femidiameter  is  lefs,  the  more  obliquely  the  femidiameter 
c  a  is  viewed:  thus,  from  h  the  line  c  a  would  be  feen  in  the  moft  diredt 
view;  and  then  it  appears  under  the  greatefi:  angle  c  h  a:-  from  g  the  line 
c  a  is  viewed  more  obliquely,  and  therefore  appears  under  a  lefs  angle  cga: 
from  f  it  is  viewed  ftill  more  obliquely,  and  appears  under  a  ftill  lefs  angle 
c  f  a:  from  f.  or  e  the  line  a  c  is  viewed  end-wife,  and  appears  a  point. 

Remarks  upon  §815. 

825  The  diffance  of  a  phenomenon  from  the  center  of  the  earth  is  in  the 

fame 
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fame  ratio  to  the  femidiameter  of  the  earth,  as  the  fine  of  its  apparent  dift-  Fig. 
ance  from  the  zenith  is  to  the  fine  of  its  parallax:  it  is  a  known  property  of 
every  plane  triangle,  that  the  fines  of  the  angles  are  as  the  fides  which  fub- 
tend  them :  or,  converfely,  the  fides  are  as  the  fines  of  the  angles  fubtended 
by  them:  thus,  fig.  68,  c  g  the  difiance  of  the  phenomenon  g  from  the  cen-  68 
ter  of  the  earth  is  to  a  c  the  femidiameter  of  the  earth,  as  the  fine  of  the  an¬ 
gle  c  A  g,  or  z  a  m  -f-  which  meafures  the  apparent  difiance  of  g  from  the 
zenith,  is  to  the  fine  of  c  g  a  the  angle  of  the  parallax  of  g. 

Corollary  1.  Hence  the  parallax  of  a  phenomenon  at  any  altitude  being  gi¬ 
ven,  its  diftance  from  the  center  of  the  earth  may  be  known:  and  converfely. 

Corollary  2.  The  fines  of  the  apparent  difiances  of  a  phenomenon  from 
the  zenith  are  as  the  fines  of  its  parallax:  therefore  as  the  fine  of  any  given 
diftance  of  a  phenomenon  from  the  zenith  is  to  the  fine  of  its  parallax  at  that 
altitude,  fo  is  the  fine  of  90°  to  the  fine  of  its  horizontal  parallax. 

Remarks  upon  §  822. 

826  In  fig.  70,  let  a  b  C  d  be  the  equator  of  the  earth,  a  the  place  of  an  ~,0 
obferver,  imagin  the  plane  of  the  equator  to  pafs  through  mars  at  e,  and  to 
be  extended  every  way  till  it  reaches  the  fphere  of  the  fixt  ftars,  and  marks 
thereon  the  celeftial  equator,  part  whereof  is  reprefented  by  f  h  l  :  luppofe 
the  celeftial  equator  divided  into  24  equal  parts,  beginning  at  z  the  zenith 
of  the  obferver,  and  a  plane  to  be  drawn  from  m  the  center  of  the  earth  to 
each  divifion:  thefe  planes  will  mark  24  hour-circles,  whereof  m  a  z  is  the 
meridian  of  the  obferver,  whom  we  fuppofe  to  fee  mars,  when  at  e,  in  con¬ 
junction  with  a  fixt  ftar  z,  in  his  zenith:  if  neither  mars  nor  the  ftar  had  a- 
ny  other  motion  befides  the  apparent  diurnal,  they  would  both  appear  to  go 
round  in  24  hours;  and,  if  this  diurnal  motion  be  equable,  mars  and  the  ftar 
would  in  fix  hours  after  being  in  the  meridian  m  a  z  be  in  m  o  i  the  plane 
of  the  fixth  hour-circle,  which  is  alfo  the  rational  horizon  of  the  place  a: 
now  a  fpeCtator  at  m  the  center  of  the  earth  would  fee  mars  and  the  ftar  go 
round  from  z  to  1  continuing  all  the  while  in  exaCI  conjunction,  but  it  will 
happen  otherwife  to  the  obferver  at  A;  for  he  will  fee  mars  in  exaCt  con¬ 
junction  with  the  ftar,  only  while  they  are  both  in  the  plane  of  his  meridian 
m  a  z,  but  fix  hours  after,  when  mars  is  at  o’,  and  the  ftar  at  1,  fo  that  both 
of  them  are  in  the  plane  moi,  the  ftar  will  to  him  appear  to  be  in  the  plane 
a  1,  and  mars  in  the  plane  a  k:  it  is  to  be  farther  obierved,  that  mars,  being 

f  The  obtufe  angle  c  a  g  and  the  acute  angle  z  a  m  have  the  lame  fine;  becaufe  either  of  thefe  angles 
is  fupplement  to  the  other:  §  105. 

thus 
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tg.  thus  dcpreffed  by  a  fenfible  parallax,  will  appear  to  come  to  ang  the  fenfU 

70  ble  horizon  of  a,  a  few  feconds  before  he  really  comes  to  tlie  rational  hori¬ 
zon  m  o  i;  and  confequently  before  the  expiration  of  fix  hours  after  his  be¬ 
ing  in  the  meridian ;  whereas,  the  liar  will  appear  to  go  from  the  meridian 
to  the  horizon  exadly  in  fix  hours;  the  fenfible  and  rational  horizon  being 
coincident  in  refped  of  the  flars  §  275:  now  the  time  that  mars  appears  to 
come  to  the  horizon  before  the  ftar  is  his  parallax  in  time;  and  is  equal  to 
the  time  mars  takes  in  going  the  arc  n  o,  from  the  fenfible  horizon  to  the  ra¬ 
tional:  and  may  be  ealily  turned  into  meafure,  in  order  to  have  his  parallax 
in*  an  arg  of  a  great  circle.  We  fin  all  alio  have  diredly  the  parallax  ot  mais 
in  an  arc  of  a  great  circle,  if,  when  he  is  in  the  fenfible  horizon,  we  take 
his  apparent  diftance  from  the  ftar,  with  the  micrometer.  The  parallax  of 
mars  being  thus  found  to  be  the  arc  g  k,  or  the  angle  n  a  o,  to  which  the  al¬ 
ternate  m  0  a  is  equal;  we  have  a  right  angled  triangle  a  m  o,  whereof  the 
acute  angle  at  o  is  known;  and  confequently,  by  §  143,  the  ratio  of  a  m  the 
femidiameter  of  the  earth  to  m  o  the  diftance  of  mars- from  the  earth  may 
be  known. 

827  In  order  to  find  the  difference  of  time  between  the  coming  of  mars 
and  that  of  the  ftar  to  any  hour-circle,  there  muff  be  four  fine  hairs  or  very 

71  fmall  wires  crofting  at  right  angles,  as  in  fig.  71,  placed  in  the  focus  of  the 
telefcope ;  and  the  telefcope  muft  be  turned  round  till  fome  ftar  near  mars 
appears  by  the  diurnal  motion  to  pafs  along  one  of  the  hairs,  as  a  b,  which 
hair  will  then  be  parallel  to  the  equator,  and  the  hairs  a  c  and  b  d  perpen¬ 
dicular  to  it  will  then  be  meridians,  by  the  coming  to  which  the  right  afcen- 
fion  of  any  ftar  may  be  known,  fee  §  786:  mark  the  time  then  when  mars 
and  the  ftar  are  both  in  your  meridian,  and  fix  hours  after,  the  ftar  will  come 
to  the  flxth  hour  circle,  but  mars  will  come  to  it  a  little,  fooner;  againft  that 
time  therefore,  having  the  telefcope  ready  with  the  two  crofs  hairs  a  b  and 
c  d  parallel  to  the  equator,  obferve  the  moment  that  mars  comes  to  one  of 
the  hairs  a  c  or  b  D,and  count  how  many  feconds  later  the  ftar  comes  to  the 
fame  hair. 

828  It  mull  be  owned  feveral  circumftances  have  been  now  mentioned  to 
attend  the  obferver,  which  he  may  more  eafily  fuppofe  in  theory,  than  be  fa¬ 
voured  with  in  practice;  but  trigonometry  will  here  come  in  aid:  for  1  fup- 
70  pofe  the  obferver  to  be  at  p  in  fome  parallel  at  a  good  diftance  from  the  e- 
quator,  the  parallax  of  right  afcenfion  will  be  found  lefs  than  it  would  un¬ 
der  the  equator,  but  in  a  ratio  eafy  to  be  known;  for  it  will  be  in  the  ratio 
of  p  m  to  a  m  or  as  the  fine  of  the  height  of  the  equator  to  the  whole  fine;  2 
horizontal  obfervations  being  difficult,  inftead  of  the  fixth  let  the  different 

appulles 
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appulfes  of  mars  and  the  ftar  to  the  third  hour-line  be  obferved;  here  alfoFiG. 
will  be  two  third  hour-lines,  the  true  one  M  qjdrawn  through  the  center  of  70 
the  earth, and  the  apparent  one  p  r  drawn  parallel  to  it  though  p  the  place  of 
the  obferver:  and  as  p  s  is  to  p  m,  or  the  fine  of  the  half  right  angle  z  m 
contained  between  the  meridian  and  the  third  hour-circle  of  the  place  p  is 
to  the  whole  fine,  fo  is  the  parallax  found  at  the  third  hour-circle  to  the  pa¬ 
rallax  at  the  fixth:  3  fuppofe  mars  not  to  be  in  the  equator,  but  in  fome  pa¬ 
rallel;  his  parallax  then  found,  in  order  to  know  what  it  would  be  in  the 
equator,  muft  be  increafed  juft  fo  much  as  the  femidiameter  of  the  equator 
exceeds  the  femidiameter  of  the  parallel  wherein  mars  then  is,  or  as  the  whole 
fine  is  to  the  fine  complement  of  mars’s  declination:  4  as  mars  has  a  motion 
in  his  orbit,  this  muft  be  taken  into  the  account;  and  fince  this  is  either  e- 
quable,  or  equably  accelerated  or  retarded,  which  of  thefe  is  the  cafe  may 
be  found  by  preceding  and  fubfequent  obfervations  of  mars,  fo  as  to  enable 
us  to  know,  with  fufticient  exadtnefs,  at  any  moment  of  time,  the  true  place 
of  mars  wherein  he  would  appear  to  a  fpetftator  at  the  center  of  the  earth; 
and, by  comparing  it  with  his  apparent  place,  difcover  his  parallax  as  well  as 
if  he  had  no  other  motion  befides  the  diurnal. 


CHAP.  18.  OF  THE  ANNUAL  PARALLAX  OF  THE  FIXT  STARS:  THEIR 
DISTANCE  FROM  US:  THE  VELOCITY  OF  LIGHT. 

829  Since  the  revival  of  the  ancient  opinion  of  the  earth’s  annual  motion 
round  the  fun  by  Copernicus ,  feveral  aftronomers  have  endeavoured  to  find 
out  whether  the  fixt  ftars  are  fubjetft  to  any  annual  parallax  or  not:  this  en¬ 
quiry  very  well  deferves  our  attention,  upon  two  accounts;  1  iffuch  parallax 
could  be  difcovered,  it  would  demonftrate  the  truth  of  the  Copernican  fyftem: 

2  if  the  quantity  of  the  annual  parallax  of  any  of  the  fixt  ftars  could  be 
found,  the  diftances  of  thofe  ftars  from  our  earth  might  be  known a. 

The  axis  of  the  earth  extended,  being  carried  parallel  to  it  felf  during 
the  earth’s  annual  revolution  round  the  fun,  in  reality  defcribes  a  circle  in 
the  fphere  of  the  fixt  ftars  equal  to  the  orbit  of  the  earth:  thus,  fig.  72,  72 
let  abcd  be  the  orbit  of  the  earth,  s  the  fun,  the  dotted  lines  the  axis  of 
the  earth  extended,  this  axis  when  the  earth  is  at  a  points  at  a  in  the  fphere 
of  the  heaven;  when  the  earth  is  at  b  points  at  b\  when  at  c  points  at  c; 
when  at  d  points  at  d:  fo  as  in  a  years  time  to  defcribe  abed ,  equal  to  a  b 
c  d:  but  though  the  orbit  of  the  earth,  and  coniequently  the  circle  abed  be 

a  See  the  remarks. 
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Fig.  immenfely  large,  many  millions  of  miles  in  diameter,  it  is  but  a  point  in 
comparifon  of  the  fphere  of  the  heaven;  that  is,  the  angle  under  which  its 
diameter  appears  to  an  inhabitant  of  the  earth  is  infenfible,  lefs  than  can  be 
meafured  by  any  obfervation;  and  therefore  the  celeftial  poles  appear  to  be 
in  the  fame  points  of  the  heaven  throughout  the  year:  thus,  in  the  figure  be- 
72  fore  us,  though  when  the  earth  is  at  a  the  place  of  the  celeftial  north  pole  is 
a,  and  when  the  earth  is  at  c  the  place  of  the  north  pole  is  c ,  and  a  ldar  at 
z  is  nearer  the  point  a  than  it  is  to  the  point  c  by  the  whole  length  of  the  line 
a  c  yet,  if  this  line  a  c  viewed  from  the  earth  ftiould  take  up  no  fenfible  fpace 
in  the  fphere  of  the  heaven,  as  if  it  {hould  meafure  no  more  than  2  or  3  fe- 
conds,  which  is  no  more  than  the  errors  of  the  niceft  obfervations  may  a- 
mount  to,  the  ftar  at  z  will  appear  at  the  fame  diftance  from  the  pole 
throughout  the  year;  and  confequently  it  will  have  no  annual  parallax. 

830  We  have  feen  the  parallax  of  the  fun  to  be  no  more  than  10",  this 
final Inefs  of  the  fun’s  diurnal  parallax  is  owing  to  this,  that  the  fern idiame- 
ter  of  the  earth  bears  an  exceedingly  fmall  proportion  to  the  femidiameter  of 
the  earth’s  orbit,  being  not  more  than  a  20000th  part  of  it,  for  fo  many  fo* 
midiameters  of  the  earth  is  the  fun  diftant  from  us:  things  are  great  or  little 
only  in  comparifon  to  other  things  oi  the  like  iort;  the  diftance  of  the  fun 
may  be  inconfiderable  when  compared  with  the  vaitiy  greater  diftance  of  the 
ftars:  if  we  fuppofe  the  diftance  of  the  neareft  ftar  to  be  20000  times  as  great 
as  the  fun’s  diftance  from  us,  the  annual  parallax  of  that  ftar  would  be  no 
more  than  10";  too  little  to  be  difcovered  by  any  of  the  methods  commonly 
made  ufe  of  to  take  the  height  of  the  pole  by  the  ftars:  the  diftance  of  the 
neareft  ftars  may  be  much  greater  than  this,  and  their  parallax  confequently 
much  lefs  than  10";  it  is  no  wonder  therefore  that  aftronomers  have  found 
the  height  of  the  pole  in  every  place  to  be  the  fame  throughout  the  year,  but 
fome  have  been  too  hafty  in  concluding  from  thence  that  the  earth  has  no 
fuch  annual  motion  round  the  fun  as  the  followers  of  Copernicus  fuppofe. 


831  If  the  annual  parallax  of  any  fixt  ftar  were  fenfible,  that  ftar  would 
appear  to  change  its  place  fo  as  to  defcribe  a  very  imall  eliipfis  in  the  iphere 

73  of  the  heaven,  in  a  years  time:  thus,  fig.  73  and  74,  let  abcd  be  the  orbit 

74  of  the  earth,  s  the  ftar  to  be  obferved,  if  we  imagin  a  ftrait  line  to  be  drawn 
from  the  earth  in  any  part  of  her  orbit  as  a  through  the  ftar  to  a  point  in 
the  heaven  as  a,  that  vifual  line  Aay  being  carried  along  with  the  eartn  in  her 
annual  motion,  will  defcribe  two  conic  lurfaces  asc  and  asc ,  having  their 
common  vertex  at  the  ftar  s;  and  the  motion  of  the  earth  round  ab  cd  will 


■ 


make  the  ftar  appear  to  go  round  abed.  If  the  ftar  s  were  in  the  pole  of  the 
73  ecliptic,  as  fig.  73,  the  eliipfis  deferibed  by  it  would  have  the  fame  excentrici- 
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ty  with  the  orbit  of  the  earth;  and  confequently  would  differ  very  little  from  Fig- 
a  circle:  if  the  flar  be  at  any  diflance  from  the  pole  of  the  ecliptic,  the  great¬ 
er  that  diflance  is  the  more  oblong  will  the  ellipfis  be,  fee  fig.  74  and  75:  if  74 
the  flar  be  in  the  plane  of  the  ecliptic,  the  ellipfis  may  be  faid  to  be  infinite-  75 
ly  fmall  in  breadth;  for  it  will  become  a  flrait  linea,  wherein  the  flar  will 
appear  to  go,  according  to  the  order  of  the  figns,  one  half  of  the  year,  and  con¬ 
trary  to  the  order  of  the  figns,  during  the  other  half:  fee  fig.  76.  76 

832  The  greater  the  diflance  of  the  flar  s  is  from  the  earth  the  lefs  will  73 
asc  and  a  sc  the  angles  of  the  cones  be;  and  confequently  the  lefs  will 
the  ellipfis  abed  appear:  if  the  diflance  of  the  flar  be  fo  great  that  the  angles 

of  the  cones  are  too  fmall  to  be  meafured  by  aflronomical  obfervation,  the 
ellipfis  abed  becomes  as  a  point,  and  the  annual  parallax  is  faid  to  be  infen- 
fible;  that  is  no  change  of  place  is  difcoverable  in  the  flar,  throughout  the 
year.  It  is  the  opinion  of  many  aflronomers  that  the  liars  appearing  to  us  of 
different  magnitudes  is  in  a  great  meafure  owing  to  their  being  placed  at  dif¬ 
ferent  diflances  from  us:  if  this  be  true,  the  parallax  will  be  greatefl,  and 
confequently  mofl  eafily  to  be  found,  in  thofe  liars  which  are  of  the  great¬ 
efl  apparent  magnitude. 

833  I  fhall  not  enter  into  a  detail  of  all  the  variety  of  changes  which  their 
aberrations  in  an  elliptic  curve,  mentioned  §  831,  mufl  caufe  in  different 
flars,  according  as  they  are  differently  fituated  in  the  lphere  ot  the  heaven  in 
refpe£t  of  the  ecliptic  and  equator;  enough  may  be  feen  upon  this  fubjebl  in 
the  author  quoted  in  the  margin  b:  it  is  fufficient  for  our  prefent  purpoie  to 
remark,  that  fuch  aberration  of  any  flar  mufl  change  its  longitude  and  lati¬ 
tude;  now  both  thele  are  found  not  diredtly  and  immediately,  but  by  its  de¬ 
clination  and  right  afcenfion,  as  was  faid  §  792:  the  declination  of  a  flar  is 
found  hy  taking  its  meridian  altitude,  the  height  of  the  equator  being  firft 
known:  the  right  afcenfion  of  a  flar  is  found  by  the  time  of  its  coming  to 
the  meridian,  §  787  c.  Thus  we  have  pointed  out  to  us  two  methods  of  en¬ 
quiring  into  the  annual  aberration  or  parallax  of  the  flars:  one  by  obferving 
whether  or  no  any  change  can  be  difeovered  in  the  meridian  altitudes  of  the 
fame  flar  at  different  times  of  the  year;  the  other  by  examining  whether  the 
intervals  of  time  between  any  two  flars  coming  to  the  meridian  aie  cqua.< 
throughout  the  year:  if  there  be  any  fenfible  change  of  declination  in  any  of 
the  flars,  it  mufl  be  greatefl,  and  confequently  moll  eafily  difeovered,  in  thofe. 

a  §  258.  b  Euflachius  Manfredius  de  annuis  inerrantlum  flellar.  aberratlomb.  Bono”.i ^  1729.^ 

c  Both  declination  and  right  afceniicn  of  liars  are  perpetually  changing,  by  the  annual  precelhon  ot  the  e. 
quinox,  §  792:  this  change,  though  very  fmall,  mult  be  taken  into  the  account  in  our  enqairv  into  the 
annual  parallax  of  the  hxt  liars. 
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that  are  near  the  pole  of  the  ecliptic:  hut  the  change  of  right  afcenfion  here 
enquired  after  mu  ft  be  greateft  in  liars  in  the  folllitial  colure,  and  neareft  the 
pole  of  the  equator:  1  {hall  treat  of  both  thefe  methods  in  their  order. 

834  Galileo  feems  to  be  the  firll  who  thought  of  trying  whether  any  an¬ 
nual  parallax  of  the  liars  were  difcoverable  or  not:  to  this  purpofe,  fuppo- 
fing  the  liars  to  be  at  different  diilances  from  11s,  and  rhofe  liars  to  be  near- 
ell  to  us  that  appear  the  biggell,  he  fuggells,  that  by  obferving  with  a  tele- 
fcope  two  liars  very  near  to  each  other,  one  of  the  greatell  the  other  of  the 
leaf!  magnitude,  their  apparent  dillance  from  one  another  might  perhaps  be 
found  to  vary,  as  they  were  viewed,  at  different  times  of  the  year,  from  the 
earth  in  different  parts  of  her  orbit ;i.  The  fame  author  propofes  alfo  a  me¬ 
thod  whereby  we  may  not  only  difeover  whether  a  liar  has  any  fenfible  an¬ 
nual  parallax  or  not,  but  determine  the  quantity  of  it  alfo,  and  conlequent- 
ly  know  the  dillance  of  the  liar  from  usb:  the  method  is  this,  upon  the  top 
of  fome  very  high  building  let  a  fmall  llrait  bar  be  fixed  parallel  to  the  ho¬ 
rizon  and  perpendicular  to  the  meridian;  recede  from  it  towards  the  north 
till  you  can  fee  the  bar  jull  cover  or  pafs  exa&ly  through  the  center  of 
fome  liar  when  it  is  in  the  meridian;  then  upon  a  wall  or  lome  llrong  poll 
well  fixed  place  a  mark  exactly  at  the  height  of  your  eye;  thus  you  will 
have  in  effedl  a  very  large  inllrument  with  fights  placed  in  the  meridian,  fuf- 
ficient  to  difeover  the  leaft  alteration  in  the  meridian  height  of  the  liar,  by 
obferving  it  from  month  to  month,  but  chiefly  when  it  is  at  its  utmoll  north 
and  fouth  limits:  but  in  taking  meridian  altitudes  by  this  or  any  other  in¬ 
llrument  in  order  to  difeover  the  annual  parallax,  the  liars  obferved  mull  be 
fuch  as  pafs  our  meridian  not  far  from  the  zenith;  otherwife  the  variable- 
nefe  of  refraction  will  render  the  obfervations  too  uncertain  for  that  purpofe: 
and  therefore  Halley  juftly  remarks  that,  whereas  a  difference  of  about  6  le- 
conds  in  the  meridian  height  of  Sirius  had  been  obieived  at  Pans,  no  con- 
clufion  can  from  thence  be  drawn  about  the  annual  parallax;  becaufe  at  Pa¬ 
ris  the  meridian  height  of  Sirius  is  under  250,  at  which  height  refraction 
will  vary  7  or  8  feconds,  which  is  more  than  the  whole  parallax  fuppofed 
to  be  obferved  amounts  toc. 

833  Another  way  to  attempt  the  difeovery  of  the  annual  parallax  by  the 
change  of  declination  of  the  fixt  liars  is  to  view,  through  a  telefcope  placed 
perpendicular  to  the  horizon,  fome  liar  in  or  near  the  lolllitial  colure  that 
palfes  through  the  zenith  or  very  near  to  it;  if  the  parallax  of  the  liar  be 
fenfible,  there  will  at  different  times  of  the  year  appear  a  difference  in  its  me- 


a  Galilei  Syjlema  cofmic.  dialog.  3. 


b  idem  ibid. 


c  Phil,  tranf.  n.  346.  abridg.  vol.  6.  p.  165. 
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ridian  altitudes;  and  its  altitudes  at  the  two  folffices  will  differ  moff  from 
each  other:  thus  a  ffar  that  in  june  paffes  through  the  zenith  of  any  place  in 
north  latitude  will  in  december  pafs  fouthward  from  the  zenith,  and  a  ffar 
that  in  december  paffes  through  the  zenith  will  in  june  pafs  northward  from 
it,  as  we  fhall  fee  by  and  bya:  Hook  was  the  in  venter  of  this  method,  and  in 
the  year  1669  put  it  in  practice  at  Grefham  College  with  a  telefcope  36 
feet  long,  and  gave  an  account  of  the  procefs  in  one  of  hisCutlerian  le<ffuresb: 
his  firff  obfervation  was  July  6,  when  he  tells  us  the  bright  ffar  in  the  head 
of  draco  marked  by  Bayer  with  the  letter  y  paffed  about  2  12"  northward 
from  the  zenith:  the  fecond  was  july  9,  when  that  ffar  paffed  at  the  fame  di- 
ftance  from  the  zenith  as  before:  the  3d  obfervation  was  auguff  6,  when  the 
ffar  paffed  northward  from  the  zenith  about  2  6":  the  fourth  and  laff  was 
cctober  21,  when  the  tranfit  of  the  ffar  was  1  and  48  or  50  feconds  north 
from  the  zenith. 

836  In  1689  Flamfieed  began  the  obfervations  from  whence  he  deduced 
the  annual  parallax,  a  detail  whereof  we  have  in  a  letter  of  his  to  Dr.  Wal¬ 
lis c:  he  there  remarks  that  neither  'Tycho  nor  Ricciolus  could  difcover  any  an¬ 
nual  parallax  d,  becaufe  their  inffruments  with  plain  fights  were  liable  to  er¬ 
rors  of  a  minute  or  more,  as  appears  by  many  places  in  Tycho' s  hiftoria  cce - 
lejiis:  he  defcribes  his  own  inftrument  which  had  fixed  to  it  a  telefcope  of 
7  feet,  with  crofs  hairs:  he  fays  that,  by  feven  years  continual  obfervations,  he 
found  the  pole-ffar  nearer  to  the  pole  in  december  than  in  the  months  april, 
may,  july,  auguff,  or  feptember:  and  that  its  apparent  diffance  from  the  pole 
was  greater  in  april  than  in  feptember,  and  greater  in  july  and  may  than  in 
april:  he  could  not  obferve  that  ffar  in  june,  becaufe  it  then  comes  to  the 
meridian  near  the  fame  time  the  fun  does;  but  concludes,  from  his  obferva¬ 
tions  in  other  months,  that  its  apparent  diffance  from  the  pole  in  june  muff 
be  different  from  that  in  december  about  40"  or  45" e:  we  ought  here  to  take 
notice  that,  though  fome  writers  have  laid  a  great  ffrefs  upon  thefe  obferva¬ 
tions,  as  if  they  were  fufiicient  to  demonftrate  a  fenfible  annual  parallax, 
Flamfteed  himfelf  fpeaks  of  them  with  a  good  deal  of  diffidence;  he  fays  in¬ 
deed  that  he  could  be  fure  of  taking  the  height  of  the  ffar  fo  near  as  5",  pro¬ 
vided  he  could  be  certain  the  divilions  of  his  inffrument  were  accurate  enough > 

a  See  the  remarks.  b  *v.  An  attempt  to  prove  the  motion  of  the  earth  from  obfervation,  by  R.  Hook. 

c  inter  Wallihi  opera  vol.  3.  d  Neither  Tpcho  nor  Ricciolus  thought  of  endeavouring  to  find  the  annual 
parallax  of  the  ibrs,  both  of  them  believing  the  eaith  kept  her  fituation  in  the  center  of  the  folar  fyitem, 

e  The  medium  of  this  is  about  42'  ;  from  hence  the  annua]  parallax  of  a  liar  at  the  pole  of  the  ecliptic 
would  come  out  about  47",  fuppofmg  its  dillance  from  us  to  be  the  lame  with  that  of  the  pole-liar.  See  the 
.remarks. 
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but  this  he  jufily  makes  a  doubt  ofa,  and  recommends  the  ufe  of  much  lar¬ 
ger  inftruments,  as  necefiary  for  the  purpofe:  he  owns  that  the  wail  upon 
which  his  mural  arc  was  fixed  fiink  a  little  out  of  its  true  pofition;  and  that 
he  could  not  be  certain  he  was  fufficiently  exadt  in  the  allowance  he  made 
for  the  errors  caufed  thereby:  he  adds  that  he  thought  he  difcoveied  an  an¬ 
nual  parallax  in  fome  of  the  fouthern  fiars  alfo;  but  rightly  remarks  that  the 
variablenefs  of  refradllon  might  occafion  all  the  differences  he  found  in  their 
meridian  altitudes:  he  mentions  alfo  fome  obfervations  of  Sirius,  from  which 
the  annual  parallax  of  that  fiar  would  come  out  near  30  ;  but  declares  he 
will  not  anfwer  for  the  exadtnefs  of  thofe  obfervations  which  were  many  of 
them  made  by  his  affifiant. 

837  Mr.  Whijlon b,  from  the  obfervations  of  Hook  and  Flamjleed ,  com¬ 
putes  that  the  greatefi  annual  parallax,  or  that  which  a  fiar  in  the  pole  of  the 
ecliptic  would  have,  is  4 \  from  whence  he  calculates  the  diftance  of  the  fiars 
to  be  about  9000  femidiameters  of  the  orbit  of  the  earth,  or  500000000000 
miles:  a  prodigious  difiance  this,  but  Mr.  Bradley  in  a  letter  to  Dr  Halley c 
tells  him,  he  believes  he  may  venture  to  fay  that  in  two  of  the  fiars  obferved 
by  him  the  parallax  does  not  amount  to  2  feconds;  and  that  he  is  of  opinion 
if  it  had  been  fo  much  as  one  fecond  he  ihould  have  diicovered  it,  by  the  great 
number  of  obfervations  made  by  him,  efpecially  of  the  fiar  y  draconh\  this,  in- 
fiead  of  9000  times,  makes  the  difiance  of  the  fiars  from  us  400000  times 
as  great  as  that  of  the  fun;  which  is  above  40  times  as  great  as  the  difiance 
calculated  from  Flamjleed' s  obfervations. 

838  In  the  year  1725  Mr.  Molyneux ,  afiified  by  Mr.  Bradley ,  with  a  te- 
lefcope  of  above  24  feet  placed  perpendicularly  at  his  houfe  at  Kew,  began 
to  obferve  the  fame  fiar  in  Draco  that  Hook  had  done,  in  hopes  of  verifying 
what  he  had  communicated  to  the  public:  but  their  obfervations  came  out 
fo  contrary  to  what  they  expe&ed,  as  to  be  matter  of  great  furpriie  to  them, 
and  give  them  reafon  to  call  in  queftion  the  accuracy  of  Hook's  obfervations; 
fince  they  mult  have  been  liable  to  an  error  of  at  leaft  30  feconds:  but  in¬ 
deed,  befides  this,  had  they  been  more  exa<5t,  they  were  too  few  to  conclude 
any  thing  from  them,  in  fo  nice  an  affair  as  the  annual  parallax. 

839  The  obfervations  at  Kew  were  as  followeth :  from  december  3, 
1725,  the  fiar  did  not  fenfibiy  change  its  diftance  from  the  zenith,  at  the 

a  He  fays  the  fubtenfe  of  an  angle  of  5"  was  in  his  inftrument  no  more  than  the  600th  part  of  an  inch, 
and  no  inilrument  can  be  divided  fo  nicely  that  we  can  be  certain  none  of  the  divifions  are  the  600th  part 
of  an  inch  too  great  or  too  fmall. 

b  Whijlons  agronomical  left u res,  left.  4.  c  This  letter,  which  I  am  now  going  to  make  ufe 

of,  is  publiihed  in  the  phil.  tranf.  n-  406.  and  in  the  abridgment,  vob  6.  p.  167. 

time 
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time  of  its  palling  over  the  meridian,  for  feveral  days:  december  17,  it 
palied  a  little  more  foutherly,  and  fo  continued  gradually  to  pafs  more  and 
more  foutherly  at  every  tranfit  over  the  meridian,  till  about  the  beginning  of 
march,  when  it  was  found  to  pafs  20"  more  foutherly  than  at  the  time  of  the 
firft  obfervation,  and  feemed  to  have  arrived  at  its  utmoft  fouthern  limit;  be- 
caufe  in  feveral  obfervations  made  about  this  time  no  fenfible  difference  was 
found  in  its  fituation:  by  the  middle  of  april  it  appeared  to  be  returning  back 
towards  the  north;  and  about  the  beginning  ofjune  it  p?iTed  over  the  meri¬ 
dian  at  the  fame  diflance  from  the  zenith  as  it  had  done  in  december  when  it 
was  firft:  oblervea.  From  that  time  the  liar  appeared  gradually  more  and  more 
northerly  at  every  tranfit,  till  feptember  following,  when  it  again  became 
ftationary,  being  then  near  20"  more  northerly  than  in  june,  and  no  lels  than 
30"  more  northerly  than  it  was  in  march:  from  feptember  the  flar  returned 
towards  the  fouth,  til1  it  arrived  in  december  to  the  fame  fituation  it  was  in 
at  that  time  twelve  months,  allowing  for  the  difference  of  declination  on  ac¬ 
count  of  the  preceffion  of  the  equinox. 

840  The  like  obfervations  were  made  upon  a  fmall  ftar  almoft  oppofite  in 
right  afcenfion  to  the  flar  y  in  the  dragon  and  about  the  fame  diflance  from 
the  north  pole  of  the  equator ;  this  flar  did  not  change  its  declination  above 
half  fo  much  as  the  flar  y  in  the  dragon  did,  in  the  fame  time;  which  was 
a  fufficient  proof  that  the  apparent  change  of  place  in  thefe  flar?  was  not  ow¬ 
ing  to  a  nutatioji  of  the  earth's  axis ;  fince,  if  that  had  been  the  caufe,  the  al¬ 
teration  in  both  the  flats  would  have  been  nearly  equal,  they  both  being  &- 
tuated  near  the  folflitial  colure. 

841  In  the  year  1727  Mr.  Bradley ,  with  a  telefcope  of  12-  feet,  began  the 
like  obfervations  at  Wanflead  in  EiTex;  he  tells  us,  that,  not  having  a  place 
convenient  for  the  ufe  of  fo  long  a  tekfcopcvas  that  of  Mr.  Molyneux ,  he  con¬ 
tented  himfelf  with  one  of  but  little  more  than  half  that  length,  which  by 
frequent  trials  he  found  fufficient  for  his  purpofe;  iince  its  fituation  may  be 
fecurely  depended  upon  to  half  a  fecond,  when  it  is  carefully  adjufied:  that 
the  inflrument  was  fufpended  fo  as  to  enable  him  to  oblerve  fix  degrees  and 
l  on  each  fide  his  zenith,  which  gave  him  an  opportunity  or  taking  in  feve¬ 
ral  liars  very  different  in  magnitude  and  fituation,  and  among  others  Capel- 
la  a  flar  of  the  firft  magnitude: 

842  After  a  years  obfervations  Bradley  comedlured  this  change  of  place 
in  liars  to  arife  from  thefe  two  caufes,  1  the  progreiiive  motion  of  light  being 
in  time,  2  the  annual  motion  of  the  earth  in  her  orbit:  he  confidered  this 
affair  in  the  following  manner:  if  the  eye  be  at  reft,  or  if  it  be  in  motion  a- 
long  a  flrait  line  diredlly  towards  an  objedt,  or  diredtly  from  it,  the  appa¬ 
rent 
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ig.  rent  place  of  the  object  will  continue  the  fame,  whether  light  be  propagated 
in  time  or  inftantaneoufly ;  but  if  the  eye  be  in  motion  in  any  other  directi¬ 
on  than  in  a  ftrait  line  from  the  objedt  or  towards  it,  and  if  light  takes  up 
any  time  in  its  progrefs  from  one  place  to  another,  the  place  oi  an  object 
will  be  changed,  and  that  change  will  be  different  according  as  thofe  caufes 
77  are  differently  combined:  thus,  fig.  77  let  c  A  be  a  ray  of  light  falling  per¬ 
pendicularly  from  a  ftar  at  c  upon  the  line  bdj  if  the  eye  be  at  reft  at  a,  or 
moves  along  the  line  a  c,  in  the  diredion  ac  or  ca,  the  apparent  place  of 
the  ftar  will  continue  the  fame,  for  it  will  be  feen  by  the  vifual  ray  ac,  whe¬ 
ther  the  progrefs  of  light  be  in  time  or  inftantaneous:  but  if  the  eye  be  car¬ 
ried  in  any  other  direction  as  bd,  and  light  be  propagated  in  time,  with  a 
certain  velocity  which  we  will,  for  example,  fuppofe  to  be  in  fuch  proportion 
to  the  velocity  of  the  eye  that  a  particle  of  light  runs  from  c  to  a,  in  the 
fame  time  that  the  eye  is  carried  from  b  to  a;  then  that  particle  of  light  by 
which  the  ftar  is  feen  by  the  eye  when  arrived  at  A  mu  ft  have  been  at  c 
when  the  eye  was  at  b:  for  joyn  the  points  c  and  b,  and  imagin  the  line  bc 
to  be  a  tube  of  fuch  a  diameter  as  to  let  but  one  particle  of  light  pafs  through 
it  at  a  time  (or  if  inftead  of  fo  ftnall  a  tube  we  take  the  axis  of  a  larger  the 
cafe  will  be  the  fame)  it  is  eafy  to  conceive  that  the  particle  of  light  which  is 
at  c  when  the  eye  is  at  b  and  arrives  at  A  at  the  fame  time  with  the  eye  will 
pafs  through  the  tube  carried  along  with  the  velocity  here  fuppofed  all  the 
way  parallel  to  it  felf,  or  inclined  to  bd  in  an  angle  equal  to  dbc;  and  that 
it  cannot  pafs  through  the  tube  thus  carried  if  it  be  inclined  to  bd  in  any  o- 
ther  angle:  from  hence  it  follows  that,  although  the  ftar  c  be  perpendicular 
to  the  line  bd  in  which  the  eye  is  moving,  and  would  be  feen  in  the  direc¬ 
tion  ac  if  the  progrefs  of  light  were  inftantaneous,  yet  by  reafon  of  the  mo¬ 
tion  of  light  being  in  time,  its  apparent  place  will  be  in  the  direction  of  the 
tube  through  which  it  is  feen,  fo  that  when  the  eye  is  arrived  at  a  the  ftar 
will  appear  to  be  at  h. 

843  This  may  be  farther  illuftrated,  if  we  imagine  the  time  to  be  divided 
into  any  number  of  equal  parts,  as  4,  and  the  lines  ca  and  ba  to  be  each 
78  divided  into  the  like  number  of  equal  parts,  as  in  fig.  78:  let  us,  for  example, 
fuppofe  light  to  move  from  c  to  a  in  4  minutes,  and  the  eye  with  the  tube  to 
be  carried  from  b  to  a  in  the  fame  time;  it  is  manifeft  that  at  the  end  ot  the 
firft  minute  the  tube  being  carried  into  the  fituation  e  e,  the  particle  of  light, 
having  run  through  one  of  the  equal  parts,  will  be  in  the  tube  at  c;  at  the 
end  of  the  fecond  minute  the  tube  will  be  in  the  fituation  ff,  and  the  par¬ 
ticle  of  light  at  /;  at  the  end  of  the  third  minute  the  tube  will  be  in  the  fi¬ 
tuation  gg,  the  particle  of  light  at  g;  at  the  end  of  the  fourth  minute  the 
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particle  of  light  will  be  at  a,  the  tube  in  the  fituation  ah;  and  confequent-  Fi 
ly  the  ftar  which  is  really  at  c  will  appear  at  h.  It  is  eafy  to  fee  that  if  the  78 
eye  be  moved  the  contrary  way  from  d  towards  a  with  the  velocity  before 
iuppofed,  the  tube,  to  make  the  ftar  c  vifible  through  it  to  the  eye  arrived 
at  a,  muft  be  carried  along  parallel  to  dc,  or  all  the  while  inclined  the  con¬ 
trary  way  to  the  line  da  in  an  angle  equal  to  bdc.  — We  have  in  this  and 
the  preceding  fe&ion  fuppoied  the  ftar  to  be  at  c  and  the  tube  to  be  of  the 
length  cbj  the  cafe  will  be  the  fame  if  we  fuppofe  the  ftar  to  be  at  s  which 
is  viewed  through  the  tube  cb:  for  the  particle  of  light  by  which  the  ftar  is 
feen  is  ftill  to  be  confidered  as  running  through  the  line  ca  while  the  tube 
with  the  eye  looking  through  it  is  carried  along  the  line  b  a. 

844  Perhaps  the  following  familiar  inftance  may  make  the  matter  before 
us  more  eafy  to  be  conceived:  let  us  fuppofe  drops  of  rain  to  fall,  with  an 
uniform  velocity,  in  a  continual  fuccelfton,  and  all  in  a  direction  parallel  to 

c  a,  upon  a  plane  bd;  if  we  would  have  a  tube  at  reft  upon  the  plane  to  be  79 
in  fuch  a  fituation  that  fome  of  the  rain  may  pafs  ftrait  through  it,  it  is  evi¬ 
dent  that  it  muft  be  let  in  a  direction  parallel  to  c  A:  but  if  the  tube  be  in 
motion  upon  the  plane,  as  if  it  be  carried  along  the  line  bd,  none  of  the  drops 
will  then  pafs  through  it  as  before,  becaufe  the  fides  of  the  tube  will  meet 
with  them  as  they  are  falling:  except  we  give  the  tube  fuch  a  different  direc¬ 
tion  as  may  in  a  manner  compenfate  for  its  motion :  what  that  direction  ought 
to  be  may  be  thus  found ;  fuppofe  a  drop  at  c  is  falling  towards  A,  take  ab 
to  c  a  as  the  velocity  of  the  tube  is  to  the  velocity  of  the  falling  drop,  and 
draw  the  ftrait  line  from  ctoBj  I  fay  the  tube  muft  be  carried  along  with 
its  axis  conftantly  parallel  to  cb  in  order  to  have  the  falling  drop  pafs  direct¬ 
ly  through  it;  it  is  eafy  to  apply  this  to  the  cafe  of  the  temporary  progrefs 
of  light:  as  before  explained. 

845  We  have  hitherto  fuppofed  the  velocity  of  light  to  be  to  the  velocity 
of  the  eye  in  a  conftant  ratio,  or  as  c  a  to  b  a:  there  is  no  reafon  why  we  yy 
fhould  not  believe  the  velocity  of  light  to  be  uniform  and  always  the  fame, 
but  the  velocity  of  the  eye  which  we  here  confider  as  moving  in  the  line  b  a 

is  not  the  fame  throughout  the  year,  as  we  ftiall  fee  by  and  bya:  in  the  mean 
time  let  us  enquire  what  change  of  the  apparent  place  of  the  ftar  c  will  a- 
rife  from  the  motion  of  the  eye  being  fometimes  fwifter  fometimes  flower  in 
the  line  b  a. 

846  If  we  fuppofe  the  velocity  of  light  to  be  always  reprefented  by  the 
fame  line  c  a,  and  the  mean  velocity  of  the  eye  by  b  a,  a  greater  velocity  of  77 

a  §  852 
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Fig.  the  eye  than  the  mean  mult  be  reprefented  by  a  longer  line  than  baj  a  lefs 
77  velocity  of  the  eye  by  a  (hotter  line  than  b  a. 

847  If  the  line  by  which  the  velocity  of  the  eye  is  expreft  be  longer  than 
B  a,  the  angle  of  the  tubes  inclination  through  which  the  Far  c  mufl  be  view- 
go  ed  by  the  eye  arrived  at  a  will  be  lefs  than  abc:  thus,  fig.  80,  if  to  exprels 
the  velocity  ol  the  eye  inftead  of  b  a  we  take  a  longer  line  f  a,  the  tube  then 
will  be  reprefented  by  the  line  f  c,  and  the  angle  of  its  inclination  will  be 
A  f  c,  lefs  than  abc2.  On  the  other  hand,  if  the  velocity  of  the  eye  be  ex¬ 
preft  by  a  fhorter  line  than  b  a,  the  angle  of  the  inclination  of  the  tube  mufl 
be  greater  than  abc:  thus  if  inftead  of  b  a  the  velocity  of  the  eye  be  expreft 
by  a  ill  or  ter  line  as  e  a,  the  tube  will  be  reprefented  by  e  c,  and  the  angle 
of  its  inclination  will  be  aec,  which  is  greater  than  abcA  It  is  all  along 
fuppofed  here  that  the  velocity  of  light  is  reprefented  by  c  a. 

8  x  848  If  we  imagin  a  great  circle  efk,  fig.  81,  to  be  drawn  in  the  fphere 
of  the  heaven  with  its  plane  pafiing  through  the  ftar  f  to  be  obferved  and 
the  line  ad  in  which  the  eye  is  carried  according  to  the  order  of  the  letters 
abcd,  we  may  call  e,  that  point  of  the  circle  towards  which  the  motion  of 
the  eye  is  direded,  the  point  of  the  eyes  direction. 

The  lefs  the  angle  of  the  tube’s  inclination  is  at  any  time,  the  more  will 
a  ftar  feen  through  it  be  deprefted  from  its  true  fituation  towards  the  point  of 
81  the  eye’s  diredion:  thus,  fig.  81,  let  e  be  the  point  of  the  eye’s  diredion 
towards  which  the  eye  is  carried  in  the  line  abcd  according  to  the  order  of 
the  letters,  f  the  ftar  to  be  obferved;  if  the  tube  be  carried  from  a  to  d  in¬ 
clined  to  a  d  in  the  angle  daf,  draw  dg  parallel  to  af,  and  g  will  be 
the  place  where  the  ftar  appears  through  the  tube,  when  the  eye  is  arrived 
at  d:  if  the  tube  be  inclined  in  a  greater  angle  as  dbf,  draw  dh  parallel  to 
Bf,  and  h  will  be  the  ftars  place  feen  by  the  eye  at  D;  and  the  diftance  h  e 
is  greater  than  ge:  if  the  angle  of  the  tubes  inclination  be  ftill  greater  as 
DCF,  the  place  of  the  ftar  will  be  1,  which  is  ftill  farther  diftant  from  e. 
This  change  of  place  is  called  the  aberration  of  the  Jlarsc. 

849  From  hence  it  follows,  1,  that  the  aberration  of  a  ftar  always  makes 
it  appear  nearer  to  the  point  of  the  eye’s  diredion  than  its  true  place:  2,  that 
the  aberration  of  a  ftar  is  greater  or  lefs  towards  any  point  in  the  heaven  ac¬ 
cording  as  the  eye  is  carried  towards  that  point  with  a  greater  or  lefs  veloci- 
81  ty:  3,  that  if  the  motion  of  the  eye  towards  any  point  as  e  be  gradually  ac¬ 
celerated  and  retarded  by  turns,  the  aberration  towards  that  point  will  be 
gradually  increafed  and  diminifhed  by  turns:  4,  that  if  the  diredion  of  the 
eye’s  motion  be  contrary  to  the  former,  as  from  d  to  b  the  aberration  will 
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be  alfo  the  contrary  way  towards  the  point  k  which  is  diametrically  oppo-  Fig. 
fire  to  e,  fig.  81.  81 

850  I  fhall  now  apply  what  has  been  faid  in  the  foregoing  fedtions  to  the 
motion  of  the  eye  of  a  fpedlator  carried  along  with  the  earth  in  her  annual 
revolution  round  the  fun,  having  firfl  laid  down  this  pojiulatum ,  that  the  di¬ 
ameter  of  the  earth’s  orbit  meafured  in  the  fphere  of  the  heaven  is  infenfible, 
and  therefore  all  parallel  lines  the  diflances  of  which  from  each  other  do  not 
exceed  that  diameter  may  be  look’d  upon  as  phyfically  coincident:  thus,  fig. 

82,  let  abcd  be  the  orbit  of  the  earth,  r  ©  &  the  ecliptic,  all  the  lines  82 
pp  parallel  to  bd  are  phyfically  coincident  with  bd,  and  if  continued  both 
ways  to  the  fphere  of  the  heaven  would  terminate  in  the  fame  points  ©  and 
X,  as  to  fenfe,  as  the  line  b  d  does;  this  is  true  as  far  as  can  be  found  by  ob- 
fervation,  fince  no  annual  parallax  is  yet  difcovered. 

851  Firfl  let  us  fuppofe  that  the  flar  whofe  aberration  in  declination  is  to 
be  obferved  is  fituated  in  the  pole  of  the  ecliptic;  that  pole  is  in  the  folfliti- 
al  colure,  and  it  is  eafy  to  fee,  by  infpedting  the  celeflial  globe,  that  when, 
any  point  of  the  folflitial  colure  is  in  any  meridian  the  planes  of  that  meri¬ 
dian  and  of  the  folflitial  colure  are  coincident;  the  time  of  obferving  the  de¬ 
clinations  of  flars  is  when  they  are  in  the  meridian,  the  method  is  by  their 
altitudes,  §  833 ;  for  all  change  of  meridian  altitude  found  in  any  flar  is  juflfo 
much  change  in  the  declination  of  that  flar:  now  the  declination  of  a  flar  in 
the  folflitial  colure  will  be  changed  in  the  fame  manner  by  the  motion  of 
the  earth  in  her  orbit  as  it  would  be  if  fhe  were  carried  backward  and  for¬ 
ward  with  different  velocities  in  the  common  fedlion  of  the  folflitial  colure  and 
the  ecliptic,  that  is  in  the  line  ©  ~h  fig.  83 :  for  let  nopqji  be  the  folflitial  83 
colure,  p  the  north  pole  of  the  ecliptic,  o  the  pole  of  the  equator,  let  r  25 
-X  be  the  ecliptic  viewed  obliquely,  the  line  ©  "ib  is  the  common  fedlion 

of  the  folflitial  colure  and  the  ecliptic,  let  abcd  &c  be  the  orbit  of  the  earth 
wherein  fhe  is  carried  round  according  to  the  order  of  the  letters,  her  place 
being  at  A  in  december,  at  b  in  january,  at  c  in  february,  6cc:  this  motion, 
fince  it  fometimes  makes  the  eye  approach  nearer  to  the  point  X,  and  fome- 
times  carries  it  the  contrary  way  towards  the  point  ®,  will  change  the  de¬ 
clination  of  any  flar  in  the  folflitial  colure,  in  the  fame  manner  as  it  would 
do  if  the  earth  were  carried  in  the  line  ©  from  a  to  g  in  the  half  year 
from  december  to  june;  and  from  g  to  a  in  the  other  half  year  from  june 
to  december. 

852  The  motion  of  the  earth  thus  confidered  is  unequable,  fomc  times 
fafler  than  other,  as  is  fhewn  by  the  unequal  parts  into  which  the  line  a 
is  divided,  each  part  anfwering  to  the  fame  lpace  of  time>  or  one  mo:  ; 
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Fig.  thus,  the  motion  of  the  earth  from  a  to  e  in  the  firil  month,  confidered  with 
83  regard  to  her  approach  towards  the  point  X,  is  reduced  to  the  line  a  b-y  her 
motion  from  b  to  c  in  the  fecond  month  is  reduced  to  the  line  be  ;  her  mo¬ 


tion  the  third  month  from  c  to  d  is  reduced  to  the  line  cd ,  &c:  now  fince 
the  lines  a b,  be.  cd ,  &c,  which  meafure  the  earth’s  approach  to  the  point 
X,  in  each  month,  increafe  in  length  while  the  earth  goes  from  A  to  d,  or 
from  december  to  march;  and  decreafe  in  the  fame  ratio  as  the  earth  goes 
from  d  to  g,  that  is  from  march  to june:  it  is  manifeft  that  the  earth  is  car¬ 
ried  towards  the  point  X,  from  december  to  march,  with  a  velocity  conti¬ 
nually  increafing;  from  march  to  june,  with  a  velocity  continually  decreafing: 
in  like  manner,  it  is  eafily  feen  by  the  figure,  that  the  earth  is  carried  to¬ 
wards  the  oppofite  point  ®,  from  g  to  f,  from  f  to  e,  &c,  with  a  velocity 
which  continually  increafes  from  june  to  feptember;  and  decreafes  in  the 
fame  ratio  from  feptember  to  december:  as  alfo  that  in  june  and  december 
the  earth  is  flationary  in  refped  of  the  points  ©  and  X;  becaufe  when  her 
place  is  at  a  or  g  the  di  red  ion  of  her  motion  is  not  towards  either  of  thofe 
points,  but  is  at  right  angles  to  the  line  ®X. 

853  Though  the  annual  motion  of  the  earth  be  circular,  we  may  at  any 
moment  of  time  confider  it  as  being  in  the  diredion  of  a  ftrait  line  which  I 
fhall  here  call  the  earth’s  tangent ;  that  is  a  line  drawn  through  the  center  of 
the  earth,  at  that  moment,  tangent  to  her  orbit;  as  the  earth  is  continually 
going  round  in  her  orbit  according  to  the  order  of  the  figns,  the  diredion  of 
this  tangent  is  continually  changing,  fo  as  to  point  fucceffively  round  the  e- 
cliptic;  and  therefore  the  earth  goes  with  her  whole  velocity  towards  all  the 
points  of  the  ecliptic  fucceffively:  if  we  imagin  a  line  to  be  drawn  at  any  time 
through  the  center  of  the  ecliptic  parallel  to  and  in  the  fame  diredion  with 
the  earth’s  tangent,  it  will  (hew  the  point  of  the  ecliptic  wherein  the  earth’s 
tangent  terminates,  and  towards  which  the  earth  is  carried  with  her  whole 

84  velocity  at  that  time:  thus,  fig.  84,  let  abcd  be  the  orbit  of  the  earth  where¬ 
in  flie  is  carried  round  according  to  the  order  of  thofe  letters,  at  the  vernal 
equinox  when  the  earth  is  at  a  fhe  is  carried  with  her  whole  velocity  towards 
the  point  X  in  the  diredion  of  the  tangent  ae  parallel  to  and  therefore,  by 
§  850,  coincident  with  sX:  at  the  autumnal  eqninox  when  the  earth  is  at 
c  flie  goes  with  her  whole  velocity  towards  the  point  ®  in  the  diredion  c  f 
coincident  with  s  $. 

854  Thus  we  fee  the  earth  is  carried  with  the  greatefl  velocity  towards  the 

84  point  X  at  the  vernal,  and  towards  $  at  the  autumnal  equinox:  2,  that  in 

december  when  the  earth  is  at  d  and  in  june  when  file  is  at  b  her  motion  is 
in  a  diredion  perpendicular  to  the  line  X,  and  confequently  fhe  does  not 

approach 
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approach  to  either  of  the  points  s>  or  X,  but,  in  refped  of  them,  may  be  con-  Fig. 
fidered  as  llationary:  3,  at  the  fummer  folflice  when  the  earth  is  at  b  her  84 
whole  velocity  is  towards  if ;  at  the  winter  when  at  d  it  is  towards 

855  From  what  has  been  premifed  it  follows,  1,  that  from  december  to 
march  the  flar  p  appears  to  recede  from  the  point  ®,  and  confequently  83 
grows  farther  and  farther  from  the  intermediate  point  o,  the  pole  of  the  e- 
quaton,  and  is  fartheft  from  that  pole,  or  has  leaf!  northern  declination  in 
march:  2,  from  march  to  june  the  flar  approaches  gradually  to  the  point  s 
and  confequently  to  the  pole  of  the  equator  o,  fo  that,  its  declination  con¬ 
tinually  increafing  during  thefe  three  months  in  the  fame  proportion  as  it  de¬ 
er  eafed  in  the  three  months  immediately  preceding,  the  flar  comes  to  have 
the  fame  declination  in  june  as  in  the  foregoing  december ;  allowance  being 
made  for  the  preceflion  of  the  equinox  in  that  half  year:  3,  from  june  to 
feptember  the  flar,  going  now  a  contrary  direction,  recedes  gradually  from 
the  point  X;  and  in  feptember  is  fartheft  from  that  point,  and  confequently 
neareft  to  the  pole  o,  or  has  greateft  north  declination:  4,  from  feptember 

to  december  the  flar  approaches  to  the  point  and  recedes  farther  from  the 
pole  o,  fo  that,  its  declination  continually  decreafing  in  the  fame  ratio  as  it 
had  before  been  increafjag,  the  flar  appears  to  have  the  fame  declination  a- 
gain  in  december,  as  it  had  that  time  twelve  months;  allowing  always  for 
the  change  of  declination  caufed  by  the  preceflion  of  the  equinox. 

856  Having  feen  what  change  of  declination  the  motion  of  the  earth  and 
the  temporary  progrefs  of  light  would  caufe  in  a  flar  fituated  in  the  pole  of 
the  ecliptic,  let  us  next  confider  how  thefe  caufes  would  aflfed  the  declinati¬ 
on  of  a  flar  fituated  in  any  other  point  of  the  folftitial  colure.  If  a  flar  were 

in  the  point  25  or  ~h,  which  are  in  the  plane  of  the  ecliptic,  the  motion  of  83 
the  earth,  being  confidered  as  in  the  line  "f>,  is  in  a  ftrait  line  either  dired- 
ly  towards  the  flar,  or  diredly  from  it;  and  therefore  will  not  caufe  any 
change  in  the  liars  declination,  as  was  faid  §  842. 

857  Since  the  greateft  change  of  declination  would  happen  to  a  flar  in 
the  pole  of  the  ecliptic,  and  no  change  to  a  flar  in  the  point  $  or  X  in 
the  plane  of  the  ecliptic;  it  is  eafy  to  fee,  that  the  change  of  declination  will 
be  greater  or  lefts  in  any  intermediate  flar  in  the  folftitial  colure,  according 
as  its  true  place  is  nearer  to  the  pole  of  the  ecliptic,  or  to  the  plane  of  the 
ecliptic:  the  aberrations  in  declination  of  any  two  flars  in  the  folftitial  co¬ 
lure  are  as  the  fines  of  their  latitudes:  therefore  the  aberration  of  any  flar  in 
the  folftitial  coiure  whole  latitude  is  given  being  known,  the  aberration  which 
a  flar  in  the  pole  of  the  ecliptic  would  have  may  be  found;  and  converfely 
the  aberration  in  declination  of  a  ftar  in  the  pole  of  the  ecliptic  being  known, 

the. 
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Fig.  the  aberration  incident  to  any  other  ftar  in  the  folftitial  colure  may  be  calcu¬ 
lated,  if  its  latitude  be  given:  thus  the  greateft  change  of  declination  of  y 
draconis  which  is  near  the  pole  of  the  ecliptic  was  found  by  Bradley  to  be 
39  ,  whereas  the  greateft  change  of  declination  of  a  fmall  ftar  almoft  oppofite 
to  it  in  right  afcenfion  and  fituated  about  60  degrees  diftant  from  the  pole  of 
the  ecliptic,  was  no  more  than  about  19".  From  obfervations  made  of  the 
change  in  thefe  and  feveral  other  ftars,  Bradley  fettles  the  greateft  change  in 
declination  which  would  happen  to  a  ftar  in  the  pole  of  the  ecliptic  at  40/4; 
for  its  aberration  from  its  true  place  would  be  20/2  towards  ~h  at  the  ver¬ 
nal  equinox,  and  20/2  towards  $  at  the  autumnal. 

858  Hitherto  we  have  taken  notice  of  the  aberration  of  thofe  ftars  only 
that  are  in  the  folftitial  colure ;  in  order  to  fee  what  is  the  aberration  of  othef 
ftars,  we  may  conftder  the  whole  affair  in  another  and  more  general  view. 
The  point  of  the  ecliptic  towards  which  the  earth’s  tangent  is  direded  is  al- 

84  ways  90  degrees  behind  the  fun’s  place:  thus,  fig.  84,  let  abcd  be  the  or¬ 
bit  of  the  earth,  T  $  the  ecliptic;  when  the  earth  is  at  a  the  fun’s  geo¬ 
centric  place  is  r,  the  earth’s  tangent  is  ae,  which  being  parallel  to  and 
therefore  coincident  with  s  ~h,  is  direded  towards  the  point  lb ;  in  like  man¬ 
ner,  when  the  earth  is  at  b  the  fun’s  place  is  ® ,  the  diredion  of  the  tangent 
B  t  parallel  to  s  r  is  towards  the  point  r :  when  the  earth  is  at  c  the  fun’s 
place  is  £4  the  diredion  of  the  tangent  cf  is  towards  the  point  ®,  6cc. 

859  The  aberration  of  ftars  caufed  by  the  temporary  progrefs  of  light 
and  annual  motion  of  the  earth  is  fuch,  that  a  Jlar  in  the  pole  of  the  ecliptic 
would  at  all  times  appear,  nearer  to  that  point  of  the  ecliptic  towards  which 
the  earth  s  tangent  is  direded  than  its  true  place  is,  and  juft  fo  much  nearer 
as  the  aberration  amounts  to;  becaufe  the  eye  is  always  carried  towards  that 
point  with  the  whole  velocity  of  the  earth’s  motion  in  her  orbit,  §  833:  the 
earth  s  tangent  is  direded  towards  every  point  of  the  ecliptic  fucceftively  ac¬ 
cording  to  the  order  of  tne  figns,  §  833:  we  may  in  this  cafe  look  upon  the 
orbit  oi  the  earth  as  a  perfed  circle,  the  excentricity  thereof  mentioned  §  669 
being  fo  fmall  that  it  need  not  be  taken  into  this  account;  we  may  alfo  fup- 
polc  tiie  \  elocity  of  the  eartn  in  her  orbit  to  be  equable,  for  the  fmall  ine- 
quabftity  mentioned  §  673  ^ay  here  be  difregarded.  From  thefe  premiles  it 
follows,  that  a  ftai  in  the  pole  of  the  ecliptic  would  annually  deferibe  a  cir¬ 
cle  round  it,  appearing  always  at  the  diftance  of  20/2  from  its  true  place: 
thus  tne  longitude  of  a  ftar  in  that  fituation  would  be  continually  changing, 
fo  as  to  go  quite  round  the  ecliptic  according  to  the  order  of  the  figns  in  a 
yeai  s  time,  but  its  latitude  would  be  always  the  fame;  for  it  would  be  al¬ 
ways  89  39  39,  8;  wanting  2 of  2  01  90°,  its  true  latitude* 


860 
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860  From  what  has  been  faid  it  is  manifeft,  1,  that  the  aberration  of  a  Fig. 
flar  in  the  pole  of  the  ecliptic  would  be  20/2  towards  the  point  X  at  the  ver¬ 
nal,  and  20,  2  towards  the  point  <£>  at  the  autumnal  equinox;  fo  that  its 
place  at  one  equinox  would  be  40/4  diftant  from  its  place  at  the  other:  and 
confequently  its  declination  would  be  40/4  lefs  in  feptember  than  in  march. 

2,  for  the  fame  reafon,  the  aberration  of  a  ftar  in  the  pole  of  the  ecliptic, 
would  at  the  fummer  folftice,  carry  it  20/2  nearer  to  the  point  r  than  its 
true  place;  and  as  much  nearer  to  the  point  sa,  at  the  winter  folftice:  thus 
%.  85,  let  abc  d  be  the  orbit  of  the  earth,  r  $  ^X  the  ecliptic,  f$eX  the  85 
folftitial  colure;  at  the  vernal  equinox  when  the  earth  is  at  c,  the  aberra¬ 
tion  of  a  ftar  at  e  the  pole  of  the  ecliptic,  would  carry  it  20/2  from  e  near¬ 
er  to  the  point  X,  towards  which  the  earth’s  tangent  is  then  directed;  but  at 
the  autumnal  equinox,  when  the  earth  is  at  a,  the  aberration  would  carry 
the  ftar  20/2  nearer  to  the  point  $,  towards  which  the  earth’s  tangent  is 
then  directed:  in  june  when  the  earth  is  at  d  the  aberration  is  towards  T;  in 
decern  ber  when  the  earth  is  at  b  the  aberration  is  towards 

861  The  aberration  of  any  far  not  in  the  pole  of  the  ecliptic  is  in  an  el- 
lipfis  whofe  longeft  axis  is  equal  to  the  diameter  of  the  circle  which  a  ftar 
in  the  pole  of  the  ecliptic  would  appear  to  defcribe,  and  is  at  right  angles  to 
the  circle  of  latitude  or  fecondary  of  the  ecliptic  drawn  through  the  ftar;  the 
fhorteft  axis  is  to  the  longeft  as  the  fine  of  the  ftars  latitude  is  to  radius:  thus, 
the  longeft  axis  being  parallel  to  the  ecliptic  and  always  the  fame,  the  ftiort- 
eft  axis  is  lefs  the  lefs  the  latitude  of  the  ftar  is;  fo  that  the  ellipfis  of  aber¬ 
ration  of  a  ftar  in  the  ecliptic  becomes  a  fmall  arc  of  the  ecliptic  of  40/4, 
which  feen  from  the  earth  would  appear  a  ftrait  line,  and  may  be  confides 
ed  as  fuch. 

862  For  fince  the  aberration  always  carries  a  ftar  nearer  to  that  point  in 
the  heaven  towards  which  the  earth’s  tangent  is  directed,  and  the  earth's 
tangent  is  always  in  the  plane  of  the  ecliptic,  the  aberration  of  a  ftar  in  the 
ecliptic  can  only  be  in  longitude.  The  greateft  aberration  of  a  Jiar  in  the 
plane  of  the  ecliptic  is  20," 2  forward,  when  the  earth’s  tangent  points  90  de¬ 
grees  before  the  true  place  of  the  ftar;  and  20/2  backward,  when  the  earth’s 
tangent  is  directed  towards  the  point  in  the  ecliptic  90  degrees  behind  the 
ftar:  thus,  fig.  84,  fuppofe  a  ftar’s  true  place  were  in  the  point  r,  when  84 
the  earth  is  at  c  and  the  earth’s  tangent  points  at  ® ,  the  aberration  of  the 
ftar  will  be  20/2  forward,  from  T  towards  $;  when  the  earth  is  at  a  and 
die  tangent  points  at  X,  the  aberration  will  be  20/2  backward,  from  r  to¬ 
ward  X.  A  ftar  in  the  plane  of  the  ecliptic  has  no  aberration  when  the  point 

towards 
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Fin.  towards  which  the  earth’s  tangent  is  directed  is  in  quadrature  with  the  ftar: 
84  thus  when  the  earth  is  at  a  or  c  the  ftar  at  r  would  appear  in  its  true  place. 
863  If  we  enquire  how  the  aberration  of  a  ftar  hands  with  regard  to  its 
place  compared  with  the  place  of  the  fun,  we  ihall  from  §  858,  861,  and 
862  have  the  following  corollaries:  1,  a  ftar  in  the  plane  of  the  ecliptic 


84  would  appear  in  its  true  place  when  in  quadrature  with  the  fun:  thus,  fig. 
84.,  if  a  ftar  were  in  the  point  r,  when  the  earth  is  at  b,  the  fun’s  place  at 
<£  •  the  earth’s  tangent  bt  coincident  with  s  T  is  dire  died  towards  the  ftar: 
when  the  earth  is  at  d,  the  fun’s  place  at  X,  the  tangent  is  directed  towards 
the  point  £=,  oppofite  to  the  ftar:  in  both  thefe  cafes,  by  §  842,  there  is  no 
aberration.  2,  A  liar  in  the  plane  of  the  ecliptic,  would  have  its  greateft  ab¬ 
erration  forward,  or  according  to  the  order  of  the  figns,  when  in  oppofition 
to  the  fun;  and  its  greateft  aberration  backward  when  in  conjunction:  thus, 
84  fig.  84,  a  liar  in  the  point  Vs,  would  have  its  greateft:  aberration  from  T  to¬ 
wards  <£  when  the  earth  is  at  c,  and  the  fun  at  ;  but  its  greateft  aberration 
from  T  towards  X  would  be  when  the  earth  is  at  a,  the  lun’s  place  at  T . 
3,  A  ftar  neither  in  the  pole  nor  plane  of  the  ecliptic,  would  appear  in  one 
of  the  extreme  points  of  the  ihorteft  axis  of  its  ellipfis  of  aberration,  when  in 


quadrature  with  the  fun:  and  confequently  it  would  be  in  its  true  longitude, 
but  in  its  lead:  or  greateft:  latitude:  in  leaft  latitude  when  the  fun’s  place  is 
90  degrees  forwarder  than  the  point  of  the  ecliptic  which  fhews  the  longi¬ 
tude  of  the  ftar;  and  in  greateft  latitude  when  the  fun’s  place  is  90  degrees 
85  behind  the  ftar’s  longitude:  thus,  fig.  85,  if  a  ftar  be  at  g  and  its  longitude 
marked  by  the  point  $,  when  the  earth  is  at  a  and  the  lun’s  place  is  £=,  90° 
before  the  ftar  will  have  leaft  latitude;  for  it  will  have  its  greateft  aber¬ 
ration  towards  ©  :  but  when  the  earth  is  at  c  and  the  fun’s  place  is  V* ,  90° 
behind  ©,  the  ftar  will  have  the  greateft  latitude;  for  it  will  have  its  great¬ 
eft  aberration  from  $  towards  the  pole  of  the  ecliptic.  4,  A  ftar  neither  in 
the  pole  nor  plane  of  the  ecliptic  would  appear  in  one  of  the  extreme  points 
of  the  longed:  axis  of  the  ellipfis  of  aberration  when  in  conjunction  or  oppo¬ 
fition  with  the  fun;  and  confequently  would  be  in  its  true  latitude,  but  in 
85  its  greateft  or  leaft  longitude:  fig.  83,  a  ftar  at  g  the  longitude  of  which  is 
in  the  point  ©,  will  have  its  longitude  moft  increafed  or  carried  forward, 
when  the  earth  is  at  b  and  the  fun’s  place  in  the  point  X;  and  moft  decrea- 
fed,  when  the  fun  is  in  $  :  the  fame  ftar  g  would  be  in  its  true  longitude 
when  the  fun’s  place  is  V  or 

864  If  a  ftar  be  in  the  folftitial  colure,  all  change  of  latitude  will  be  fo 
much  change  of  declination;  that  is  the  difference  between  its  greateft  and 

leaft  declination  will  be  equal  to  the  ihorteft  axis  of  the  ellipfis  of  abenati- 

on : 
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on,  fee  the  remarks  §  877:  in  any  dar  not  in  the  folditial  colure,  the  change  Fig. 
of  declination  is  equal  to  the  didance  between  two  circles  drawn  parallel  to 
the  equator,  and  tangents  on  each  fide  to  the  ellipfis  of  aberration:  thus,  fig. 

06,  let  e  <^be  the  equator,  X  the  ecliptic,  n  the  pole  of  the  equator,  ?  the  86 
pole  of  the  ecliptic,  ab  the  ellipiis  of  aberration  of  a  flar;  draw  the  parallels 
cd  and  fg,  the  diflance  between  thofe  parallels,  meafured  by  the  arc  cf,  is 
the  difference  between  the  greated  and  leafc  declination  of  the  flar. 

865  We  have  leen  what  change  in  declination  is.caufed  by  the  aberration 
of  dars;  it  is  time  to  condder  what  change  in  right  afcenfion  may  be  expected 
from  the  fame  caufe:  if  a  flar  were  in  the  pole  of  the  equator,  or  fo  near  it 
that  the  pole  were  furrounded  by  the  ellipiis  of  aberration;  it  is  eafy  to  fee 
that  the  flar  would  appear  to  go  round  the  pole,  and  confequently  its  right 
afcenfion  would  be  varied  through  all  the  points  of  the  equator,  according  to 
the  order  of  the  figns,  in  a  years  time:  but  we  know  of  no  flar  that  is  not 
more  than  40"  diflan t  from  the  pole,  and  therefore  too  far  off  to  furround  it 
with  its  ellipfis  of  aberration;  fo  that  we  may  fay  the  aberration  in  right  a- 
fcenjion  of  any  flar  is  an  arc  of  the  equator  which  meafures  the  angle  made 
at  the  pole  of  the  equator  by  two  arcs  of  great  circles  drawn  tangents  on  each 
fide  to  the  ellipfis  of  aberration  of  that  flar:  thus,  fig.  87,  let  PQjae  the  fo!-  87 
flitial  colure,  T  *  the  ecliptic,  r  cd  ^  the  equator,  p  the  pole  of  the  e- 
cliptic,  n  the  pole  of  the  equator,  ab  the  ellipfis  of  aberration  of  a  liar 
the  true  place  whereof  is  in  the  center  of  that  ellipiis,  draw  the  arcs  nc  and 
nd  touching  the  ellipiis  in  a  and  b,  the  arc  cd  is  the  whole  aberration  in 
right  afcenfion  of  that  liar;  for  when  the  apparent  place  of  the  flar  is  a  the 
point  of  its  right  afcenfion  is  c:  when  the  flar  appears  at  b  its  right  alcem 
lion  is  d. 

866  Of  two  flars  in  the  folflitial  colure  that  flar  will  have  the  greatell  ab¬ 
erration  in  right  afcenfion  which  is  nearell  to  the  pole  of  the  equator:  for 
fince  the  angle  made  by  the  tangent  arcs  is  in  both  cafes  fubtended  by  the 
longed  axis  of  the  ellipfis  of  aberration,  which  is  always  the  fame,  40/4,  the 
angle  will  be  greater  the  nearer  the  fubtending  line  is  to  the  vertex  of  it,  that 

is  to  the  pole  of  the  equator:  thus,  fig,  87,  if  the  true  place  of  a  dar  be  in  the  87 
center  of  the  ellipfis  ab,  its  aberration  in  right  afcenfion  is  the  arc  cd,  or  the 
angle  cn  d;  if  a  dar  be  in  the  center  of  the  ellipfis  ab ,  its  aberration  in  right 
afcenfion  is  the  arc  e  f,  lefs  than  cd;  or  the  angle  enf  lefs  than  c n  d. 

867  Of  two  dars  equally  didant  from  the  pole  of  the  equator  that  dar 
will  have  the  greated  aberration  in  right  afcenfion  which  is  neared  the  fol- 
ditial  colure:  for,  if  a  dar  be  in  the  folditial  colure,  the  angle  made  at  the 
pole  of  the  equator  by  the  tangent  arcs  is  fubtended  by  the  longed  axis  of  tho 

R  r  ellipsis 
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Fig.  ellipfis  of  aberration 5  but  if  a  fhr  be  not  in  the  folftitial  colure,  the  angle 
made  by  the  tangent  arcs  will  be  fubtended  by  fome  other  diameter  of  the  el¬ 
lipfis;  and,  the  farther  the  flat  is  from  the  folftitial  colure,  the  fhorter  will 
be  the  diameter  of  the  elliplis  which  fubtends  the  angle  that  meafures  the  ab- 
87  erration  in  right  afeenfion:  thus,  fig.  87,  if  a  fiar  were  in  the  folftitial  co- 
lure  pqJh  the  center  of  the  elliplis  ab,  the  angle  an  b  is  fubtended  by  ab  the 
longeft  axis  of  the  ellipfis:  but  if  the  ftar  be  in  the  center  of  the  ellipfis  rsy 
the  angle  of  aberration  in  right  afeenfion  rxs  will  be  fubtended  by  fome  o- 
ther  diameter,  which  is  fhorter  than  the  longeft  axis. 

Scholium.  Though,  cater  is  paribus,  the  aberration  in  right  afeenfion  is 
greatefi:  in  liars  neareft  the  pole  of  the  equator,  yet  may  it  more  eafily  be 
obferved  in  thole  that  are  at  fome  diftance  from  the  pole:  for  liars  that  are 
very  near  it  appear  to  go  round  in  very  final!  circles,  and  with  a  very  flow 
motion,  and  therefore  the  time  of  their  palling  the  meridian  cannot  be  afeer- 
tained  with  exadlnefs,  without  much  longer  telefcopes  than  are  required  for 
liars  near  to  the  equator:  the  more  the  telefcope  magnifies,  the  more  eafily 
may  the  tranfit  of  a  ftar  be  determined21. 

868  How  to  find  the  right  afeenfion  of  a  ftar,  by  comparing  it  with  the 
fun,  has  been  Ihewn,  §  787;  but  the  method  there  pointed  out,  though  fuf- 
ficient  for  the  common  ufes  of  oftronomy  and  navigation,  will  not  ferve  in 
fo  nice  an  affair  as  the  aberratk  n  of  ftar s 3  for  the  right  afeenfion  of  the  fun, 
which  is  changing  every  day  of  the  year,  cannot  be  known  for  any  particu¬ 
lar  time,  within  a  few  feconds  3  the  theory  of  the  fun’s  motion  is  not  afeer- 
tained  accurately  enough  for  that,  and  if  we  were  to  attempt  to  deduce  the 
fun’s  right  afeenfion,  by  taking  his  meridian  altitude  every  day,  we  could 
not  do  it  with  fuch  exadtnefs  as  the  prefent  cafe  requires j  as  well  by  reafon 
of  the  unavoidable  fmall  errors  to  which  obfervations  are  liable,  as  becaule 
fome  of  the  elements  of  calculation  are  not  determined  to  a  fufticient  degree 
of  certainty.  Nor  can  we,  for  this  purpofe,  take  fome  one  liar  from  which 
as  from  a  fixt  point  we  may  begin  to  reckon  the  right  afeenfion  of  other 
liars  3  becaufe  that  ftar  which  we  here  fuppofe  fixed  will  alfo  have  its  aber¬ 
rations,  as  well  as  thofe  ftars  which  we  compare  with  it.  The  beft  method  of 
finding  the  aberration  of  liars  in  right  afeenfion  is,  to  chufe  two  liars  which 
differ  confiderably  in  right  afeenfion,  and  obferve  whether  the  intervals  of 
time  between  their  tranfits  crofs  the  meridian  are  invariably  the  fame  through¬ 
out  the  year  or  not b. 

869  In  order  to  make  thefe  obfervations,  a  clock  mull  be  had  that  goes  as 
equably  as  pofiible;  or  rather  two  clocks,  that  they  may  correct  one  ano- 

a  Manfredms  de  annul i  innerrUntium  full  arum  cbferuationib.  c.  g.  b  idem  ibid. 
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ther:  the  intervals  between  the  tranfits  of  the  ftars  are  to  be  turned  into  mean 
timea:  we  fhould  be  well  aftiired  that  the  inftrument  with  which  we  obferve 
is  always  in  the  fame  plane  at  the  times  of  obfervation;  for  this  purpofe,  in- 
flead  of  one  telefcope  moveable  upon  a  mural  arc,  it  would  be  better  to  have 
two,  fixed  to  a  ftrong  old-built  wall,  in  fuch  a  manner  that  one  of  them 
may  point  at  the  parallel  of  one  of  the  ftars  to  be  obferved,  the  other  at  the 
parallel  of  the  other  ftar;  each  telefcope  being  furnifhed  with  crofs  hairs, 
one  of  which  is  to  be  perpendicular  to  the  horizon.  It  is  of  no  confequence 
whether  the  mural  inftrument  or  the  telefcopes  be  fixed  precifely  in  the  plane 
of  the  meridian  or  not,  provided  we  be  fure  they  continue  all  the  time  im¬ 
moveable  ;  fince  the  intention  here  is  not  to  find  die  true  right  afcenlion  of 
either  ftar,  but  to  obferve  whether  the  difference  of  their  right  afcenfions  be 
conftantly  the  fame,  throughout  the  year,  or  be  different  at  different  times 
of  the  year  b. 

870  Obfervations  of  this  fort  have  been  made  by  feveral  aftronomersc;  by 
fome  with  a  view  of  finding  out  whether  any  annual  parallax  of  the  fixt 
ftars  could  be  difcovered  by  a  variation  in  their  right  afcenfions,  or  not:  thus 
they  have  obferved  with  great  care  what  number  of  feconds  Lyra  comes  to 
the  meridian  after  Capella;  as  alfo  how  many  feconds  Capella  comes  to  the 
meridian  after  Lyra,  throughout  the  year:  the  like  obfervations  have  been 
made  of  the  tranfits  of  Capella  and  Ardturus,  of  Ardturus  and  Aldebaran,  of 
Ardturus  and  Sirius,  and  of  feveral  other  pairs  of  ftars:  in  all  which  there 
has  been  found  an  inequality  in  the  intervals  of  time  between  their  tranfits; 
and  this  inequality  has  been  obferved  to  have  its  regular  periods  of  increafe 
and  decreafe,  which  it  went  through  in  the  fpace  of  a  year;  and  that  not  in 
fuch  order  and  degree  as  was  to  be  expedted  from  the  annual  parallax  of  the 
ftars,  but,  in  many  inftances,  quite  the  contrary ;  and  fo  agreably  to  Brad¬ 
ley’s  hypothefis,  in  the  greateft  number  of  ftars,  that  Manfredi  owns  iuch  an 
agreement  could  by  no  means  be  looked  upon  as  accidental:  though  that  a~ 
ftronomer  at  the  fame  time  declares  againft  the  belief  of  the  annual  motion 
of  the  earth,  and  feems  unwilling  to  admit  of  the  progrefs  of  light  being 
temporary,  and  is  for  fufpending  his  judgment  till  lome  other  caules  can  be 
thought  of  for  the  folution  of  thefe  appearances. 

We  may  now  go  on  to  fliew  in  what  manner,  the  aberration  of  the  ftars 

a  How  to  turn  apparent  into  mean  or  fydsreal  tirfie  will  be  (hewn  hereafter. 

b  <1;.  Manfredium  loco  citato.  c  Romer,  Caffini,  Maialdi,  Manfredi:  <v.  Horrebovii  baf.n  a- 

JlronomU,  cap.  io,  de  parallaxi  orbis  annul;  et  Manfredii  epiftoldm  dc  nowj/imis  circa  j.xorum  fyderum 
errores  obfervationibus,  inter  Academicomm  opufcula  edita  Batumi  a  X731.  d  Manfredium  in  cpijlda 

novijjime  citato, . 
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Fig.  being  known,  the  velocity  of  light  may  be  found;  having  firfl  premifed  the 
following  lemma. 

871  The  velocity  of  light  being  to  the  velocity  of  the  eye  as  ca  to  b  a,  § 
77  842,  requires  the  tube  to  be  carried  along  always  parallel  to  bc,  or  conflant- 

ly  inclined  to  bd  in  an  angle  equal  to  abc,  in  order  to  have  the  flar  s  feen 
through  it  by  the  eye  arrived  at  a:  the  converfe  is  true,  that  ii  the  (far  s  be 
feen  by  the  eye  at  a,  through  the  tube  b  c  carried  parallel  to  it  fell  along  with 
the  eye  from  b  to  a  conflantly  inclined  in  the  angle  ABC;  then  the  velocity 
of  light  is  to  the  velocity  of  the  eye  as  c  A  is  to  b  a,  fg.  77. 

872  It  has  been  fhewn,  §  857,  that  the  greatefl  aberration  in  declination 
which  a  liar  that  were  fituated  in  the  pole  of  the  ecliptic  would  have  amounts 

88  to  40/4;  in  fg.  88,  let  g  be  the  true  place  of  a  liar  in  the  pole  of  the  e- 
cliptic,  e  its  apparent  place  in  march,  and  f  in  feptember ;  the  arc  ef  or 
the  angle  e  cf  is  the  greatefl  difference  of  the  ftar’s  declination,  found  to  be 
40,^4,  §857:  the  angles  b  cd  and  e  cf,  being  vertical,  are  equal;  therefore 
acb  the  half  of  bcd  is  20,"  2:  the  angle  eac  is  a  right  one,  here  then  is  a 
right-angled  triangle  bac  with  one  acute  angle  known;  and  conlequently, 
by  §  14 1,  the  ratio  of  ba  to  ca,  that  is  the  ratio  of  the  velocity  of  the  eye  to 
the  velocity  of  light,  may  be  known:  now  ba  will  be  found  to  be  to  c  a,  as 
I  to  102 10,  fo  that  the  velocity  of  light  is  to  the  velocity  of  the  eye  (  which 
in  this  cafe  is  the  fame  as  the  velocity  of  the  earth  in  her  orbita)  as  102 10  to 
1:  the  earth  runs  through  her  orbit  in  3 6 5d  5h  48'  57",  or  31556937  feconds, 
which  carries  her  through  a  length  equal  to  the  femidiameter  of  her  orbit  in 
5022442  feconds;  but  light  goes  102 10  times  as  fall,  and  therefore  palfcs 
through  that  femidiameter,  or  as  far  as  from  the  fun  to  the  earth,  in  492 
feconds,  that  is  in  8  minutes  and  12  feconds. 

873  Romer,  who  firfl  dilcovered  the  temporary  progrefs  of  light,  by  ap¬ 
parent  inequalities  in  the  times  of  the  returns  of  the  eclipfes  of  the  fatellits  of 
jupiter,  (which  will  be  treated  of  hereafter)  determined  the  velocity  of  light 
to  be  luch  that  it  paffes  from  the  fun  to  us  in  about  1 1  minutes;  others,  from 
the  fame  eclipfes,  have  concluded  that  it  runs  that  length  in  about  7  minutes 
of  time:  the  velocity  of  light  here  deduced  from  the  aberrations  of  the  liars 
is  as  it  were  a  mean  betwixt  what  has  at  different  times  been  determined 
from  the  eclipfes  of  jupiter’s  fatellits. 

874  From  what  has  been  faid,  Bradley  draws  thefe  conclufions:  1,  that 
thefe  two  different  methods  of  finding  the  velocity  of  light  thus  agreeing  in 
the  refult,  is  a  confirmation  of  the  truth  of  the  hypothecs  which  accounts 
for  the  annual  aberration  of  the  flars,  and  inequalities  in  the  times  of  the  re¬ 
ft  §  853. 
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turns  of  the  eclipfes  of  the  fatellites  of  jupicer,  by  the  temporary  progrefs  of 
light  and  the  annual  motion  of  the  earth  in  her  orbit:  2,  that  the  light  of  all 
the  flars  arrives  at  the  earth  with  the  fame  velocity;  for  the  annual  aberra¬ 
tion  is  the  fame  in  flars  of  the  5th  or  6th  as  in  flars  of  the  2d  or  3d  magni¬ 
tude,  which  is  a  proof  that  the  lights  of  them  all  enter  the  tube  of  the  obfer- 
ver  upon  the  earth  with  the  fame  velocity:  3,  that  light  is  propagated  from 
all  the  flars  with  an  uniform  velocity,  fo  as  to  run  through  equal  fpaces  in 
equal  times,  at  all  diflances  from  the  flars:  this  follows  from  the  2d  conclu- 
fion,  fince  the  light  from  fome  flars  when  it  arrives  at  the  earth  mufl  have 
run  through  a  vaflly  greater  length  than  that  from  other  flars,  except  we 
fuppofe  all  the  flars  to  be  at  the  fame  diflance  from  us,  which  is  highly  im¬ 
probable,  on  Account  of  the  difference  in  their  apparent  magnitude  and  bright- 
nels:  4,  if  the  light  of  the  fun  be  propagated  with  the  fame  velocity  as  that 
of  the  flars  (  which  we  have  no  reafon  to  doubt  of)  light  moves  with  the  fame 
velocity  after  reflection  as  before  it;  fince  the  light  of  the  fun  reflected  from 
a  fatellit  of  jupiter  traverfes  the  orbit  of  the  earth  in  the  fame  fpace  of  time 
as  the  light  does  which  is  emitted  direCtly  from  the  flars. 

875  Bradley  having  found,  by  comparing  the  obfervations  of  feveral  flars, 
that  they  all  confpired  to  prove  that  the  maximum ,  or  greatefl  aberration  of 
a  flar  in  the  pole  of  the  ecliptic  would  be  about  40  or  41  feconds;  fuppoles 
it  to  be  40"':  this,  from  the  agreement  of  his  obfervations,  he  was  induced 
to  think  could  not  err  fo  much  as  a  fecond  from  the  truth,  and  that  there¬ 
fore  the  velocity  of  light  is  determined  from  thele  obfervations  within  5  or  6 
feconds;  which  is  fuch  a  degree  of  exaCtnefs  as  we  can  never  hope  to  attain 
from  the  eclipfes  ofjupiter’s  fatellits. 

876  Having  thus  determined  what  the  aberration  of  a  flar  in  the  pole  of 
the  ecliptic  would  be,  he  calculated,  upon  that  fuppofition,  what  change  of 
declination  the  flars  obferved  by  him  ought  to  have  at  feveral  times  of  the 
year;  and  compared  them  with  the  changes  which  he  obferved  them  to  have: 
and  here  he  found  fuch  an  agreement  between  the  hypothecs  and  the  obfer¬ 
vations,  through  all  the  parts  of  the  year,  as  amounts  to  a  kind  of  demonflra- 
tion  that  the  hypothefis  gives  at  leafl  the  true  law  of  the  aberration  of  diffe¬ 
rent  flars;  and,  fince  it  does  this  without  allowing  any  thing  at  all  for  annual 
parallax  of  the  fixt  flars,  he  concludes  that  parallax  mufl  be  much  fmaller 
than  hath  been  hitherto  fuppofed  by  thofe  who  have  pretended  to  deduce  it 
from  their  obfervations:  and  fays  he  is  of  opinion  he  fhould  have  difeovered 
it,  if  it  amounted  to  fo  much  as  a  fingle  fecond. 
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Pxg.  Remarks  upon  §  835. 

877  If  the- annual  parallax  of  the  fixt  liars  were  difcoverable  by  any 
change  of  their  declination,  that  change  would  be  greateft,  and  confequently 
moft  eafy  to  be  obferved,  in  thofe  liars  that  are  nearell  the  pole  0/  the  eclip¬ 
tic.  If  a  liar  be  in  the  folllitial  colure,  any  change  in  declination  is  juft  fo 
much  change  in  latitude 3  and  the  converfe  is  true:  but  the  change  of  decli¬ 
nation  and  latitude,  though  it  be  of  the  fame  quantity,  is  not  always  the  fame 
86  way,  but  in  fome  liars  it  is  the  contrary  way,  as  will  eafily  be  feen  by  the  86 
figure;  where  ENQ^is  the  folllitial  colure,  aX  the  ecliptic,  ECqthe  equa¬ 
tor,  p  the  north  pole  of  the  ecliptic,  n  the  north  pole  of  the  equator:  1,  if 
a  liar  be  in  the  arc  p  (^between  the  pole  of  the  ecliptic  and  the  nearell  point 
of  the  equator,  all  increafe  of  declination  is  fo  much  increafe  of  latitude,  and 
all  decreafe  of  declination  is  fo  much  decreafe  of  latitude;  and  converfely: 
thus,  fuppofe  the  true  place  of  a  liar  be  d,  if  at  any  time  its  apparent  diftance 
from  Qj:he  nearell  point  of  the  equator  were  to  be  increafed  any  number  of 
feconds,  as  for  example  if  the  apparent  place  of  the  liar  were  to  be  at  h,  its 
apparent  diftance  from  X  the  nearell  point  of  the  ecliptic  mull  at  the  fame 
time  be  increafed  the  fame  number  of  feconds,  or  the  fame  arc  dh:  in  like 
manner,  if  the  liar  d  were  ever  to  appear  nearer  to  q,  it  mull  at  the  fame  time 
appear  nearer  to  X:  2,  what  I  have  now  faid  is  alfo  true  of  any  liar  that  is 
lituated  in  the  arc  n  &>,  between  the  pole  of  the  equator  and  the  nearell  point 
of  the  ecliptic,  that  all  increafe  or  diminution  of  declination  is  fo  much  in¬ 
creafe  or  diminution  of  latitude;  and  converfely:  3,  but  if  the  place  of  a  ftar 
be  in  the  arc  pn,  between  the  pole  of  the  ecliptic  and  the  pole  of  the  equator, 
all  increafe  of  declination  is  fo  much  decreafe  of  latitude;  and  all  decreafe 
of  declination  fo  much  increafe  of  latitude;  and  converfely:  4,  this  laft  pro- 
pofition  is  alfo  true  of  liars  lituated  in  the  arcs  qX  and  e  %  ;  but  they  are  too 
far  from  the  pole  of  the  ecliptic  to  fall  under  our  prefent  confideration. 

878  If  any  ftar  had  a  fenfible  annual  parallax,  its  paralladtic  ellipfi s  would 
have  the  fame  lhape  and  pofition,  whether  it  were  of  the  fame  magnitude  or 
not,  as  its  ellipfis  of  aberration;  but  there  would  be  the  diftance  of  three 
months  between  the  time  when  the  ftar  appears  in  any  given  point  of  its  el¬ 
lipfis  of  aberration,  and  the  time  when  it  would  appear  in  a  fimilar  point  of 
its  paralla&ic  ellipfis:  thus,  whereas  a  ftar  neither  in  the  pole  nor  plane  of 
the  ecliptic  would  be  in  one  of  the  extreme  points  of  the  fhorteft  axis  of  its 
ellipfis  of  aberration,  and  confequently  have  the  greateft  or  ieaft  latitude, 
when  in  quadrature  with  the  fun,  §  863;  the  fame  ftar  would  appear  in  that 
extreme  of  the  fhorteft  axis  of  its  paralladlic  ellipfis  which  is  neareft  the  e- 
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cliptic,  and  have  lead;  latitude,  when  in  conjunction  with  the  fun:  and  in  Fig. 
the  oppofite  extreme,  and  have  greated  latitude,  when  in  oppofition  to  the 
fun.  Since  the  Ihorted  axis  of  the  parallaCtic  ellipfis  of  a  dar  in  the  folditial 
coiure  coincides  with  that  colure,  the  times  of  the  greateft  and  lead  latitude 

of  fuch  dai  are  the  two  foldices;  and  thefe  are  alfo  the  times  of  its  greateft 
and  lead  declination  by,  §  877. 

079  In  fig.  89,  let  abcd  be  the  orbit  of  the  earth,  a  the  place  of  the  earth  89 
in  december,  c  in  june;  a  dar  at  f  that  in  June  is  feen  in  the  line  cf,  and 
pafies  through  the  zenith  of  any  place  fituated  in  the  parallel  de,  will,  in 
december  when  the  earth  is  at  a,  be  feen  in  the  line  af,  palling  fouthwards 
from  g  which  is  then  the  zenith,  to  the  didance  of  gf:  in  like  manner,  a 
dar  at  g  that  pades  through  the  zenith  of  a  place  in  the  parallel  de  in  de¬ 
cember,  .  when  the  earth  is  at  a,  will  pals  northwards  from  the  zenith  in 
june,  being  then  feen  in  the  line  cg. 


Remarks  upon  §  836,  and  837. 

880  If  the  parallax  in  latitude  of  a  dar  whole  didance  from  the  pole  of 
the  ecliptic  is  given  were  found,  the  parallax  that  a  dar  at  the  fame  didance 
from  us  in  the  pole  of  the  ecliptic  would  have  might  be  known:  for  the 
parallaxes  in  latitude  of  two  fuch  dars  are  as  the  fines  of  their  latitudes. 

801  1  he  parallax  of  a  dar  in  the  pole  of  the  ecliptic  being  given,  the  di-. 
ftance  oj  fuch  a  ftar  from  the  earth  may  be  thus  found:  in  fig.  90,  let  a  b  be  90 
the  orbit  of  the  earth,  s  the  fun,  p  a  dar  in  the  pole  of  the  ecliptic,  draw  ps 
and  pa,  in  the  triangle  ps  a,  the  angle  at  s  is  a  right  one  by  thecondruc- 
tion,  and  therefoie,  n  the  parallaCtic  angle  spa  be  known,  the  proportion  of 
as  the  femidiameter  of  the  orbit  of  the  earth  to  ps  the  didance  of  the  dar  p 
from  the  fun  may  be  known  by  §  147. 

882  a  is  eafy  to  conceive  that  any  change  of  latitude  or  longitude  in  a 
dar  arifing  from  its  appearing  to  go  round  in  a  parallatfdc  ellipfis  would  caufe 
a  change  in  declination,  or  right  afcenfion,  or  in  both;  and  that  in  a  great¬ 
er  or  lefs  degree,  according  as  the  axes  of  that  ellipfis  are  fituated  in  refped 
of  the  equator:  1,  if  the  fliorted  axis,  the  extream  points  whereof  are  the 
places  or  greated  and  lead  latitude,  coincides  with  a  fecondary  of  the  equa¬ 
tor,  which  is  the  cafe  only  of  dars  in  the  folditial  colure;  the  times  of  great¬ 
ed  and  lead  declination  are  the  foldices,  as  has  been  fhewn  §  878:  2,  if  the 
longed  axis  is  nearer  than  the  diorted  axis  to  coincidence  with  a  fecondary 
of  the  equator,  which  is  the  cafe  of  dars  near  the  pole  of  the  equator  and 
nearer  to  the  equinotdial  colure  than  to  the  folditial;  the  times  of  greated  and 
lead  declination  will  be  nearer  to  the  equinoxes  than  to  the  foldices:  but  the 

times 
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Fig.  times  of  greated  and  lead:  right  afcenfion  would  be  nearer  to  the  fol dices  than 
*  to  the  equinoxes.  The  pole  bar  is  very  near  the  equinoctial  colure;  it  was 
no  more  than  21'  diftant  from  that  colure,  and  about  2°  20  from  the  folfti- 
tial,  when  Flamfteed  oblerved  it:  he  found  its  declination  in  december  about 
4o"’greater  than  its  declination  in  june';  luch  a  change  agrees  as  well  as  could 
be  expe&ed  with  the  obfervations  and  theory  of  Bradley ,  but  hath  by  mil- 
take1  been  thought  to  proceed  from  an  annual  parallax:  had  mat  been  me 
caufe,  the  greated  difference  of  decimation  would  have  been  found  at  the  two 
91  equinoxes,  as  may  be  feen  by  fig.  91 ;  where  let  MR  be  the  equinoctial  co¬ 
lure,  po  the  follbitial,  p  the  pole  01  the  ecliptic,  n  the  pole  of  the  equatoi, 
jfgh  the  paralladic  ellipfis  of  the  pole  bar,  fh  the  fhorteif  axis,  coinci¬ 
dent  with  PQ^a  fecondary  of  the  ecliptic  palling  through  the  liar;  when  me 
fun  is  in  conjunction  with  the  ftar,  which  is  a  little  before  the  lummei  ioi- 
ftice,  the  liars  apparent  place  is  at  h,  in  lead  latitude;  when  the  11m  is  in 
oppofition  to  the  dar,  which  is  a  little  before  the  winter  ioldice,  the  daij 
place  is  at  f,  in  greated  latitude:  but  the  pofition  of  the  line  f  h  is  fuch,  that 
it  is  nearly  a  tangent  to  the  circle  abcd  the  parallel  of  the  dais  diurnal  re¬ 
volution;  l'o  that,  whatever  be  the  change  of  the  bars  latitude  meafuied  by 
the  line  fh,  its  change  of  declination  meafured  by  the  didance  between  the 
two  pointed  parallels  will  be  much  lefs.  If  any  fenfible  change  of  declination 
were  caufed  in  the  pole  dar  by  annual  parallax,  it  would  be  mod  eafdy  dii- 
covered  about  the  equinoxes;  for  near  thofe  times  that  dar  is  in  one  of  the 
extreme  points  of  the  line  e  g  the  longed  axis  of  its  parallahtic  ellipfis,  which 
axis  is  nearly  coincident  with  the  equinodfial  colure:  thus  the  dar  is  near 
the  point  g  in  lead  declination  a  little  before  the  vernal  equinox;  and  near 
the  point  e,  in  greated  declination,  a  little  before  the  autumnal:  if  wTe  i- 
magin  a  parallel  glmo  to  be  drawn  tangent  to  the  paralladtic  ellipfis  near 
the  point  g,  and  another  parallel  to  be  drawn  tangent  to  the  ellipfis  near  the 
point  e  ;  the  didance  between  thefe  two  parallels  is  the  difference  between 
the  bars  declination  at  one  equinox  and  its  declination  at  the  other:  but  this 
difference  is  too  fmall  to  be  fenfible.  The  greated  parallax  of  the  pole  dar, 
pi  at  the  foldices  is  in  right  afcenfion;  this  in  fig.  91  is  meafured  by  the  angle 
fnh:  the  parallax  in  right  afcenfion  of  the  pole  dar  is  to  its  parallax  in  la¬ 
titude,  very  nearly  as  the  arc  of  the  equator  which  meafures  the  angle  fnh 
is  to  the  arc  fh:  or,  as  radius  to  the  fine  of  the  bar’s  didance  from  the 
pole:  but  this  parallax  has  not  yet  been  obferved  to  be  Yenfible  by  any  a- 
bronomer. 


a  This  mi  flake  was  taken  notice  of  by  Romer,  in  a  letter  to  Flamjleed;  ap.  Horrebovium  in  baji  aft 
c.  10:  and  by  CaJJini,  mem.  d'acad.  ann.  1699. 
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883  The  learned  Gregory  remarks1,  that  Flamfteed' s  method  of  determi-  Fi 
•ning  the  annual  parallax  of  the  pole  flar,  by  its  diftance  from  the  pole  being 
greater  near  the  fummer  than  it  was  near  the  winter  folftice,  fuppofes  the 
axis  of  the  earth  to  be  parallel  to  it  felf  at  both  thofe  times ;  which  it  would 
not  be,  if  the  fouthern  hemifphere  of  the  earth  fhould  happen  to  be  more 
denfe  than  the  northern:  for  in  that  cafe,  the  fouth  pole,  being  nearer  to  the 
fun  in  december  than  in  june,  would  be  more  attracted  by  him;  and  this  at¬ 
traction  of  the  fun  would  caufe  fuch  an  alteration  in  the  pofition  of  the  earth’s 
axis,  at  the  two  folftices,  as  would  make  flars  in  north  declination  and  north 
latitude  appear  at  thofe  times  to  change  their  declination  the  fame  way  as 
they  ought  to  do  from  annual  parallax:  thus,  hg.  92,  let  abcd  be  the  orbit  92 
of  the  earth,  a  and  c  the  earth;  if  the  fouch  pole  s  be  heavier  than  the  north 
pole  n,  it  is  nearer  to  the  fun,  and  confequently  more  attracted  towards  him 

in  the  direction  s  ®,  in  december,  when  the  earth  is  at  A;  than  in  june, 
when  the  earth  is  at  c:  and  confequently,  at  the  winter  folftice,  the  axis  of 
the  earth  will  incline  from  the  fituation  n  s  towards  the  fituation  e  f,  more 
than  it  does  at  the  fummer  folftice.  Now  to  this,  befides  what  has  been  faid 
by  WhiJlonh,  it  may  be  anfwered,  that  fuch  a  nutation  or  dipping  of  the  north 
pole  as  is  here  fuppofed  would  caufe  a  like  change  in  all  the  ftars  that  are  in 
or  near  the  folftitial  colure;  which  is  contrary  to  Bradley  s  obfervations. 

884  There  is  indeed  another  nutation  of  the  earth’s  axis,  demonftrated  a 
. priori ,  from  the  earth  being  an  oblate  fpheroid,  as  was  mentioned  §  805; 
but  this  nutation  is  the  fame  way  at  both  folftices:  thus  fig.  93,  in  december  93 
when  the  earth  is  at  A,  the  protuberant  parts  about  the  equator,  which  may 
be  confidered  as  a  ring  round  the  earth,  are  moft  attracted  where  they  are 
neareft  to  the  fun,  as  at  q,,  and  that  in  the  direction  qJ>  ;  in  june,  when  the 
earth  is  at  b,  they  are  neareft  the  fun  at  e,  and  moft  attracted  in  the  directi¬ 
on  £0;  but  both  thefe  attractions  tend  to  change  the  fituation  of  the  axis 
the  fame  way,  from  ns  to  ef:  this  nutation  Whijlon  has  calculated  to  be 
not  above  42'",  and  confequently  too  little  to  fall  under  the  niceft  obferva- 

xionc. 

£85  There  are  feveral  ftars,  as  the  fir  ft  in  the  head  of  the  ram,  the  head 
of  Caftor,  the  middle  one  in  the  fword  of  Orion,  the  flar  in  the  breaft  of 
Virgo  marked  by  Bayer  with  the  letter  y,  &c.  which,  appear  iingle  to  the 
bare  eye,  but  are  by  the  telefcope  difcovered  to  be  double;  and  fome  authors d 

a  aftronom.  book  3,  prop.  55.  b  aftronom.  left .  4.  ■prs.leEl.  mathemat.  left-  21.  c  aftron.  IcSi.  4. 
d  Gregory  in  his  aftronomy  book  3  prop.  54,  fays  Cajftni  difcovered  that  the  firit  of  aries  and  fome  other 
ftars  appear  fometimes  divided  into  two  ftars ;  this  exprefficn  implies  that  at  other  times  they  appear  iingle, 
but  Cajftni  fays  no  fuch  thing:  the  truth  is,  thefe  ftars  appear  {ingle  and  perhaps  a  little  oblong,  through  a 
ihort  telefcope,  but  a  long  one  {hews  them  double. 
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ig.  tell  us  that  the  fame  ftar  appears  tingle  at  one  time  and  double  at  another: 
if  this  laft  atiertion  be  true  of  any  flar  feen  through  the  fame  telefcope,  it 
muft  be  owing  to  one  of  thefe  three  caufes,  either  1,  one  or  both  the  ftars 
fo  viewed  change  their  filiations,  which  is  not  very  probable a:  or  2,  one  of 
them  has  one  tide  much  darker  than  the  other,  fo  as  to  be  vifible  or  invifi- 
ble  to  us  at  different  times,  according  as  the  rotation  of  that  flar  round  its 
axis  turns  its  bright  or  dark  tide  towards  usb:  or  3,  the  diameter  of  the  earth’s 
orbit  is  not  c|uite  infenfible,  in  comparifon  of  the  diftance  of  thofe  ftars  from 
us;  but  caufes  an  annual  parallax  in  them:  if  this  lati:  were  the  cafe,  there 
would  be  ftated  times  of  fuch  ftars  appearing  tingle  or  double,  according  as 
the  earth  is  in  fuch  or  fuch  part  of  her  orbit ;  but  I  do  not  find  this  afierted 
by  any  aftronomer;  had  fuch  an  obfervation  ever  been  made,  it  would  de¬ 
cide  in  favour  of  the  annual  parallax;  upon  this  contideration,  I  was  my 
felf  induced  to  obferve  all  the  double  ftars  here  mentioned,  at  different  times 
of  the  year,  through  twro  very  good  telefcopes,  one  of  14  and  another  of  \j 
feet:  I  have  not  yet  repeated  my  obfervations  often  enough  to  determine  po- 
fitively  in  the  affair,  but  from  thofe  I  have  made  I  am  perfuaded  they  will 
be  found  to  appear  always  the  fame,  without  any  fenfible  change  of  diftance 
or  fituation:  this  will  not  feem  ftrange,  after  what  has  been  faid  about  the 
fmallnefs  of  the  annual  parallax,  §  876. 

886  How  the  annual  parallax  would  be  difcovered  by  a  ffar  appearing 

94  tingle  at  one  time  of  the  year  and  double  at  another,  may  be  feen  by  fig.  94 ; 
where  let  ab  c  d  be  the  orbit  of  the  earth,  e  and  f  two  ftars  at  confiderably 
different  diftances  from  the  folar  fyftem;  if  a  line  ef  drawn  through  them 
and  continued  touch  the  orbit  of  the  earth  in  any  point  as  a,  when  the  earth 
is  in  that  point  they  will  appear  as  one  flar:  when  the  earth  is  in  any  other 
point  as  b,  they  muft  be  feen  by  two  vifual  lines  be  and  bf;  and  their  ap¬ 
parent  diftance  is  meafured  by  the  angle  ebf:  when  the  earth  is  in  the  point 
c  oppofite  to  A,  their  apparent  diftance  meafured  by  the  angle  e  c  f  is  the 
greateft  potible;  and  then,  if  ever,  they  will  appear  as  two  ftars:  if  the  di¬ 
ftance  of  the  neareft  of  thefe  ftars  e  from  the  folar  fyftem  be  fo  great  in  com¬ 
parifon  of  the  diameter  of  the  orbit  of  the  earth  that  the  angle  ecf  becomes 
infenfible,  there  will  be  the 'appearance  but  of  one  tingle  flar  throughout  the 

95  year.  By  the  fame  way  of  reafoning,  fig.  95,  when  a  line  continued  through 

a  See  §  796.  b  The  ftars  feem  to  be  of  the  fame  nature  with  the  fun  :  the  fun ,  as  we  fhall  fee 

hereafter,  has  fometimes  a  confiderable  number  of  dark  fpots  upon  his  furface  ;  the  ftars  may  fome  of  them 
have  the  like  fpots :  and  fome  ftars  may  be  fo  crufted  over  with  fpots  as  to  be  rendered  wholly  or  in  part 
dark  and  invifible  to  us :  the  folar  fpots  difcover  the  fun  to  have  a  rotation  round  his  axis ;  the  ftars  may, 
fome  of  them  at  leaft>  have  a  like  rotation. 


two 
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two  fuch  flars  e  and  f  as  are  at  a  great  diflance  from  each  other  as  well  as  Fig. 
from  the  folar  fyflem  does  not  touch  the  orbit  of  the  earth,  but  comes  near  95 
fome  point  thereof  a,  if  the  distance  of  the  neared:  flar  e  from  the  folar  fy¬ 
flem  be  fo  great  in  comparifon  of  the  diameter  of  the  earth’s  orbit  that  the 
difference  between  the  angles  fae  and  fce,  even  magnified  by  the  telefcope, 
is  infenfible,  though  they  appear  through  it  as  two  flars  very  near  together, 
there  will  be  no  fenfible  variation  in  the  apparent  diflance  between  them, 
throughout  the  year;  and  to  the  eye  unaflifted  they  may  always  have  the 
appearance  of  a  fingle  flar. 

887  The  middle  flar  in  the  fword  of  Orion  is  found  to  be  a  clufler  of 
three  flars,  which  form  a  triangle  having  two  of  its  tides  nearly  equal,  and 
the  angle  between  thofe  fides  a  little  obtufe;  the  flar  at  the  obtufe  angle  is 
much  larger  than  either  of  the  other  two,  which  are  nearly  equal;  thefe  three 
flars,  together  with  four  others  adjacent,  are  furrounded  by  a  faint  hazy  light 
like  that  of  a  bright  whitifh  cloud;  this  light  is  brightefl  near  the  flars,  and 
grows  gradually  more  faint  and  diluted  at  a  diflance  from  them,  till  it  be¬ 
comes  infenfible.  Hugens  who  firfl  difeovered  this  wonderful  appearance,  as 
he  juflly  calls  it,  has  given  us  a  draught  of  it,  but  the  flars  are  all  drawn  near¬ 
ly  of  equal  magnitude,  and  the  luminous  fpace  is  more  defined  than  it  ought 
to  be;  which  faults  were  in  all  likelyhood  owing  to  the  miflakes  of  the  en¬ 
graver:  I  have  therefore,  in  fig.  96,  given  another  fcheme  of  it,  fuch  as  I  have  96 
often  feen  it  through  a  telefcope  of  17  feet,  and  have  exprefl  therein  the 
apparent  magnitudes  of  the  feveral  flars. 

I  fhall  conclude  this  chapter,  when  I  have  told  the  reader  that  a  general 
account  of  Mr.  Bradley' s  inflrument  with  a  figure  of  it  may  be  feen  in  Smith' s 
optics  vol.  2  p.  454;  and  that  a  more  particular  defeription  of  a  like  inflru¬ 
ment,  made  portable  for  the  ufe  of  the  members  of  the  R.  Academy  at  Paris 
who  went  in  the  year  1736  to  meafure  a  degree  upon  the  meridian  within 
the  N.  polar  circle,  may  be  found  in  a  book  intituled  degre  du  meridien  en~ 
tre  Paris,  et  Amiens  determine  &c.  8V0  Paris  1740. 


CHAP.  19.  OF  THE  DISTANCE  AND  MAGNITUDE  OF  THE  FIXT  STARS. 

888  The  diflances  of  the  flars  from  us  and  their  magnitudes  are  very  pro¬ 
per  to  be  confidered  together,  becaufe  the  knowledge  of  either  of  thefe  will 
help  us  to  determine  the  other:  for,  fuppofing  the  apparent  magnitude  of  an  ob¬ 
ject,  or  the  angle  under  which  it  appears  to  be  known,  geometry  teaches  us, 
if  the  diflance  of  the  objefl  be  alfo  known,  how  to  find  its  real  magnitude; 

S  f  2  or, 
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g.  or,  if  its  real  magnitude  be  known,  how  to  find  its  diftanee  from  us.  How 
the  di fiance  of  a  ftar  would  be  found,  if  its  annual  parallax  could  be  afcer- 
rained,  has  been  (hewn  in  the  chapter  immediately  preceding a:  we  have  there 
feen  that  the  difiance  of  the  fiars  comes  out  from  Bradley' s  obfervations  to 
be  at  leafi  400000  times  as  great  as  the  difiance  of  the  fun  from  us  b;  an  ama¬ 
zing  difiance  this,  and  beyond  the  power  of  the  imagination  to  reach:  per* 
haps  we  may  have  a  better  idea  of  its  vaftnefs,  if  we  mealure  it  by  the  veloci¬ 
ty  of  fome-  moving  body,  as  Heftod  does  the  height  of  heaven,  when  he  tells 
us  that  an  iron  anvil  would  be  nine  days  in  falling  from  heaven  to  earth,  and 
would  not  reach  the  earth  till  the  tenth  dayc.  A  cannon  ball  has  been  found 
to  go  about  100  french  toifes  in  a  fecond,  which  is  a  little  more  than  7  en- 
glifii  miles  and  \  in  a  minute d:  found,  according  to  many  accurate  experi¬ 
ments  of  Mr.  Derhamy  goes  at  the  rate  of  an  englifh  mile  in  9  half  feconds 
and  J,  or  13  miles  in  a  minutee:  the  difiance  of  the  fun  from-  the  earth,  fup- 
pofing  his  parallax  10"  as  before  fettled,,  is  10300  diameters  of  the  earth,-  or 
82  millions  of  englifh  miles- j,  fo  that  a  cannon  ball  going  with  the  velocity 
above  mentioned  would  be  above  2 1  years  in  pafiing  from  our  earth  to  the 
fun:  found  would  go  this  length  in  12  years:  light  is  found  to  run  from  the 
fun  to  our  earth  in  a  little  more  than  8  minutes.  If  the  difiance  of  a  ftar 
from  the  earth  be  400000  times  as  great  as  the  diftanee  of  the  fun,  its  light 
muft  take  up  above  fix  years  in  coming  to  us:  found  would  be  4800000 
years,  and  a  cannon  ball  8600000  in  going  through  that  fpace. 

889  This  difiance  of  the  fiars  is  concluded  from  a  fuppofition  that  the 
parallax  is  fuch,  that  the  whole  annual  parallax  of  a  ftar  in  the  pole  of  the 
ecliptic  and  at  the  fame  diftanee  from  us.  with  thofe  obferved  by  Bradley 

90  would  be  one  fecond;  in  which  cafe  the  angle  spa,  fig.  90,  would  be  half 
a  fecond:  that  accurate  aftronomer  does  not  fay  that  he  found  the  parallax 
of  any  of  thofe  fiars  fo  much  as  one  fecond,  but  that  he  thinks  it  cannot  be 
more  than  that:  from  whence  we  may  reafonably  conclude,  that  the  difiance 
of  the  fiars  from  us  is  at  leafi  as  great  as  was  juft  now  mentioned:  we  are 
not  fure  that  it  is  not  much  greater,  fince,.  for  aught  appears  to  the  contra¬ 
ry,  the  parallax  of  the  fiars  may  be  much  lefs  than  a  fecond..  The  fiars  ob¬ 
ferved  by  Bradley  were  fome  of  them  of  the  2d  and  3d  magnitude 5  how 

a  §  880  and  88 l.  b  §  S3 7.  c  in  Theogonia  <u.  722.  Hejiod  here  gives  us  a  much 

more  grand  idea  of  the  height  of  heaven  than  Homer,  who  makes  Vulcan  fall  from  thence  to  earth  in  a 
day;  Iliad  A.  v.  592  :  but  perhaps  thofe  poets  had  different  views;  HeJ.od  had  a  mind  to  reprefent  the 
great  height  of  heaven;  Homer  to  lhew  the  lwiftnefs  of  Vulcan's  fall,  when  thrown  down  from  thence  by 
Jupiter.  Milton  copies  after  Hejiod,  in  deferibing  the  fall  of  the  rebellious  angels; 

Nine  days  they  fell -  Paradife  loll  book  6.  v.  Syr. 

d  Hugenii  cofnotheor.  1.  2.  c  Jones  Phil,  tranf.  abr.  vol.  4.  pag.  396. 
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much  greater  then,<  in  all  probability,  is  the  didance  of  thole  of  the  5th  and 
6th  magnitude?  and  how  much  greater  dill  is  that  of  thofe  telefcopic  dars 
which  cannot  be  feen  without  very  long  telefcopes,  and  of  numberlefs  others' 
which  we  may  very  reafonably  believe  to  be  l'o  far  off  as  to  be  out  of  the 
reach  of  any  telefcopes  that  can  ever  be  made?  We  cannot  indeed  conclude 
that  the  dars  are  all  of  equal  dimen fions,  and  that  all  the  difference  in  their 
apparent  magnitudes  is  owing  to  their  being  at  different  didances  from  us; 
nor  have  we  any  reafon  to  believe  they  are  all  at  the  fame  didance  from  us, 
and  that  thofe  which  appear  larged  are  all  proportionably  of  greater  real  mag¬ 
nitude;  it  feems  mod  probable,  that,  though  they  are  of  various  lizes,  and 
fcattered  through  the  vad  expanfe  of  fpace  at  various  didances  from  us  and 
from  one  another;  yet  many  of  them  are  nearly  of  the  fame  fize,  fo  that,  in 
general,  and  as  to  a  great  number  of  them,  the  reafon  why  fome  appear  lefs 
than  others  isbecaufe  they  are  placed  at  a  greater  didance  from  us.  From  the 
brightnefs  of  the  dars,  the  exceeding  fmallnefs  of  their  diameters  when  di- 
veded  of  fpurious  rays  by  the  telefcope,  and  their  vadly  great  didance  from 
the  fun  and  from  the  earth*  we  may  certainly  conclude,  that  their  light  is! 
not  received  from  the  fun  and  refle&ed  to  us,  as  that  of  the  planets  is;  but 
they  are  felf-fhining  bodies  like  our  fun:  they  are  placed  fo  far  from  one  an¬ 
other,  that  if  every  lfar  be,  like  the  fun,  furrounaed  with  a  number  of  pla-* 
nets  and  comets,  there  is  no  reafon  to  believe  that  one  of  thefe  fydems  does 
didurb  or  otherwife  affeCt  any  of  the  red;  and  particularly  their  immenfe  di¬ 
dance  from  the  folar  fydem  makes  it  utterly  improbable  that  they  diould; 
have  any  kind  of  influence  upon  our  earth,  or  any  of  the  planets. 

890  Some  adronomers,  defpairing  to  difcover  the  annual  parallax,  have 
thought  of  other  methods  of  finding  out  the  didance  of  the  dars;  which, 
though  they  may  be  looked  upon  as  conjectural,  deferve  to  be  mentioned,  for 
the  ingenioufneis  of  their  contrivance.  The  apparent  diameters  of  the  fun 
and  planets  are  eafily  meafured  with  fufiicient  exaCtnefs,  the  didance  of  the 
fun  and  of  any  of  the  planets  from  our  earth  may  at  any  time  be  computed, 
near  enough  to  the  truth  for  the  purpofe  now  before  us;  from  thefe  data  the- 
didance  of  a  dar  may  be  found,  fuppofing  it  equal  to  the  fun  in  its  real  dh 
menflons,  and  that  its  apparent  diameter  is  equal,  or  in  a  known  ratio  to 
one  of  the  planets:  thus  James  Gregory ,  by  fuppofing  flrius  to  be  of  the  fame 
bignels  with  the  fun,.  and  to  have  the  fame  apparent  diameter  with Jupiter 
in  oppofltion,  invefligated  the  didance  of  that  dar;-  as  may  be  feen  at  large 
in  Gregory' s  adronomy,  book  3,  prop.  57  &c.  The  learned  Hagens  tells  us 
that  he  found  it  fo  difficult  to  meafure  the  apparent  diameters  of  the  iixt 
dars,  by  reafon  of  their  fmallnefs,  in  as  much  as  they  appear  even  through- 


BOOK  2. 


326  ASTRONOMY 

the  telefcope  but  as  lucid  points  without  any  fenfible  magnitude,  when  the 
glare  of  the  fpurious  rays  that  furround  them  is  taken  away;  that  he  was  in¬ 
duced  to  try  fome  way  of  diminifhing  the  fun’s  apparent  diameter,  till  it 
was  reduced  to  the  fmallnefs  of  a  fiar:  in  order  to  this,  he  covered  one  end 
of  a  twelve  foot  empty  tube  with  a  very  thin  plate  of  brafs.  wherein  he  had 
pierced  a  very  fmall  hole  not  above  the  140th  part  of  an  inch  in  diameter, 
and,  with  his  eye  at  the  other  end  of  the  tube,  looked  at  the  fun,  which  by 
being  thus  viewed  was  diminifhed  to  an  i82d  part  of  his  whole  diameter, 
but  Hill  appeared  much  brighter  than  firius  does  by  -night:  in  order  therefore 
to  diminifh  Hill  farther  the  fun’s  apparent  diameter,  he  took  from  a  micro- 
fcope  a  fmall  globule  of  glals  of  about  the  fame  bignefs  with  the  hole,  and 
placed  it  therein;  this,  according  to  calculation, reduced  the  fun’s  diameter  to 
an  I52d  part  of  that  i82d  part  which  was  feen  before  through  the  bare  hole, 
or  to  a  27664th  part  of  his  whole  apparent  diameter;  and  yet  this  particle 
of  the  fun  was  equal  in  brightnefs  to  firius:  from  whence  he  concludes  that, 
if  the  fun  were  at  27664  times  his  prefent  diftance  from  us,  he  would  appear 
equal  to  firius;  and  confequently,  if  firius  be  of  the  fame  magnitude  with 
the  fun,  the  difiance  of  that  fiar  mufi  be  27664  times  as  great  as  the  fun’s' 
difiance  from  usa:  the  force  of  this  reafoning  will  be  better  under fiood,  if  we 
confider  the  following  lemma . 

891  If  two  globes  of  equal  dimenfions  be  at  different  diftances  from  us, 
their  apparent  diameters  will  be  reciprocally  as  their  diftances,  fee  §  242  and 
243 :  thus,  if  the  difiance  of  a  fiar  which  is  of  the  fame  bignefs  as  the  fun  be 
30000  times  the  diftance  of  the  fun  from  us,  the  apparent  diameter  of  that 
fiar  will  be  but  a  30000th  part  of  the  apparent  diameter  of  the  fun:  from 
whence  the  converfe  follows,  that  if  the  apparent  diameter  of  a  fiar  which 
is  of  the  fame  bignels  as  the  fun  be  a  30000th  part  of  the  fun’s  apparent  dia¬ 
meter,  the  diftance  of  that  fiar  from  us  is  30000  times  as  great  as  the  di¬ 
fiance  of  the  fun. 

892  CaJJim  endeavoured  to  find  out  the  diftance  of  firius  by  the  follow¬ 
ing  method  b:  to  abate  the  fparkling  of  that  fiar,  he  viewed  it  through  a  te¬ 
lefcope  of  thirty  four  feet,  covering  the  objed  glafs  with  a  thin  paftboard 
which  had  in  the  middle  a  round  hole  of  an  inch  and  an  half  diameter; 
through  the  telelcope  thus  prepared,  the  difk  of  firius  was  feen  very  well  de¬ 
fined,  and  free  from  thofe  glaring  rays  which  appear  to  the  bare  eye :  Jupi¬ 
ter  was  above  the  horizon  at  the  fame  time,  and,  being  viewed  through  the 
lame  telefcope,  and  by  feveral  methods  compared  with  firius,  the  diameter 
of  that  planet  was  judged  to  be  ten  times  as  great  as  the  diameter  of  firius ; 

a  Hugenii  cofmotbeor.  1.  z.  b  memoir es  d'acad.  anti-  1717. 
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the  apparent  diameter  ofjupiter  was  at  that  time  50  feconds,  from  whence 
it  follows  that  the  diameter  of  firius  was  about  5  feconds:  if  we  fuppofe 
then,  fays  that  author,  firius  to  be  equal  to  the  fun  in  bignefs,  the  di dance 
of  the  fun  from  us  being  about  10000  diameters  of  the  earth,  and  the  appa¬ 
rent  diameter  of  firius  being  to  that  of  the  fun  as  1  to  384,  the  didance  of 
firius  from  the  earth  comes  out  3840000  diameters  of  the  earth.  Thus  Caf- 
fini  makes  the  didance  of  firius  but  384  times  as  great  as  the  fun’s  didance, 
which  is  much  lefs  than  Hugens  brings  it  out,  who  yet  makes  it  but  a  fifteenth 
part  of  what  the  didance  of  the  dars  obferved  by  Bradley  is  concluded  to 
be,  from  their  parallax:  it  is  very  probable  firius  is  much  nearer  to  us  than 
thofe  dars,  lince  he  appears  fo  much  bigger.  The  methods  made  ufe  of  by 
Gregory ,  Hugens  and  Cajjini  may  well  be  called  conjectural,  becauie  they 
depend  upon  two  uncertain  fuppofitions;  one,  that  the  fun  and  firius  are  e- 
qual  in  magnitude;  the  other,  that  the  apparent  diameter  of  firius  is  deter¬ 
mined  with  fufficient  exaCtnefs:  I  need  not  fay  any  thing  of  the  uncertainty 
of  the  fird  of  thefe  fuppofitions,  and  as  to  the  fecond,  Cajjini  himfelf  has  gi¬ 
ven  us  an  obfervation  of  his  in  another  place  a,  which  makes  it  evident  that 
we  may  eafily  be  deceived  in  mealuring  the  apparent  diameter  of  a  fixt  dar, 
fo  as  to  determine  it  to  be  much  greater  than  it  is;  as  I  am  apt  to  think  that 
learned  adronomer  has  done  in  the  prefent  cafe. 

893  The  account  he  gives  of  his  obfervation  is  as  follows;  there  is  a  dar 
in  the  bread  of  Virgo  called  y  by  Bayer ,  which,  though  fingle  and  round 
to  the  bare  eye,  through  a  telefcope  of  1 1  feet,  feems  oblong;  and  through 
one  of  16  feet,  appears  divided  into  two  dars,  fo  near  together  that  the  di- 
ftance  between  them  is  no  more  than  equal  to  the  apparent  diameter  of  one 
of  them:  it  was  known  that  the  2 id  day  of  april,  1720,  new  dyle,  about 
midnight,  the  moon  was  to  pafs  over  thefe  dars,  and  eclipfe  them;  fo  curi¬ 
ous  a  fight  deferved  to  be  attended  to;  the  moon  was  then  near  the  full,  and 
fhone  fo  bright  as  to  caufe  many  of  the  dars  then  above  the  horizon  to  difap- 
pear;  this  mud  alfo  diminiffi  the  apparent  magnitude  of  thefe  dars,  which 
through  a  telefcope  of  16  feet  were  feen  dript  of  their  fpurious  rays,  with 
their  diameters  very  well  defined:  as  the  dark  edge  of  the  moon  drew  near 
to  them,  it  caufed  no  change  in  their  colour  or  fituation;  at  oh  25  14  after 
midnight,  the  occultation  of  the  mod  wederly  of  the  two  dars,  by  the  appuifc 
of  the  dark  edge  of  the  moon,  was  obferved  through  the  16  feet  telefcope; 
and  at  oh  25'  44",  the  moon  covered  alfo  the  mod  eaderly  dar;  each  of  them 
*  difappeared  in  an  indant,  or  half  a  fecond,  without  any  preceding  diminuti¬ 
on  of  magnitude  or  brightnefs:  at  oh  51'  i6\  they  both  came  together  into 

a  metnoires  d  ’  acad.  ann.  1720- 
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view  again,  from  behind  the  bright  edge  of  the  moon,  to  which  they  were 
then  parallel:  the  reafon  of  there  being  fuch  an  interval  between  the  times  of 
their  occultations  was,  their  being  then  in  an  oblique  pofition  to  the  dark 
edge  of  the  moon’s  difk. 

894  There  were  two  circumftances  attending  this  obfervation  that  deferve 
to  be  taken  notice  of:  the  fir  It  is,  that  each  ftar  difappeared  in  an  inftant,  or 
in  about  half  a  fecond;  whereas  there  was  an  interval  of  30  feconds  in  time 
between  the  two  occultations :  from  the  difference  between  the  time  the  moon 
•took  up  in  hiding  each  ftar  and  the  time  file  was  going  through  the  fpace 
between  the  two  ftars,  it  is  evident,  that  the  diftance  between  the  centers  of 
ihefe  ftars  is  to  the  diameter  of  one  of  them  as  30  to  or  as  60  to  1 ;  from 
whence  it  follows,  that  the  apparent  diameter  of  one  of  the  ftars  ( being  e- 
qual  to  half  the  diftance  between  their  centers )  is  to  its  true  diameter  as 
30  to  1:  thus  we  fee  that,  notwithftanding  the  diminution  of  the  glare  of 
thofe  ftars  by  the  telefcope,  their  apparent  diameters  were  dill  30  times 
greater  than  they  ought  to  be;  and  confequently  their  apparent  difks  were 
magnified  to  900  times  their  true  dimensions:  we  may  judge  from  hence, 
how  extreamly  lrnall  the  fixt  ftars  would  appear,  if  we  could  fee  them  per¬ 
fectly  freed  from  that  falfe  light  which  fo  greatly  increafes  their  apparent 
magnitude:  and  from  this  fmallnefs  of  their  apparent  diameters,  if  they  be 
nearly  equal  in  magnitude  to  the  fun,  it  will  follow  that  their  diftance  is  ex¬ 
ceedingly  great,  fee  §  891. 

895  The  other  remarkable  was,  that  this  obfervation  makes  it  probable 
that  there  is  not  any  atmofphere  round  the  moon;  fince,  if  there  had  been 
any,  one  oi  thefe  ftars,  falling  obliquely  into  it  before  the  other,  ought,  by 
refraCtion,  to  have  buffered  fome  change  in  its  colour,  or  in  its  diftance  from 
the  other  ftar  which  was  not  yet  entered  into  the  atmofphere:  but  no  fuch  al¬ 
teration  could  be  perceived,  though  the  obfervation  was  performed  with  the 
utmoft  attention  to  that  particular,  and  was  very  proper  to  have  made  fuch 
a  difeovery ;  becaufe,  thofe  two  ftars  being  of  the  fame  magnitude  and  bright- 
nel's,  if  any  change  had  happened  to  either  of  them,  it  would  have  been  eafy 
to  have  taken  notice  oi  it:  but  this  we  fhall  have  occafion  to  confider  again, 

896  Cajini,  in  order  to  determine  the  real  magnitude  of  Sirius,  having 
firft  mentioned  the  great  difficulty  of  finding  the  diftance  of  the  ftars  from 
annual  parallax,  fuppofes  Sirius  to  be  at  no  greater  diftance  from  the  earth 
than  fatuin,  which  lays  he  is  about  100000  diameters  of  the  earth,  and  is 
>he  leaft  that  can  be  aifigned  by  whatever  hypothefis  we  explain  the  motions 
Oi  the  heavenly  bodies;  fince  all  aftronomers  agree  that  the  ftars  are  farther 
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off  than  the  planets:  from  this  diftance  of  Sirius,  and  its  apparent  magni¬ 
tude  5",  he  calculates  the  true  diameter  of  that  ftar  to  be  more  than  two  dia¬ 
meters  of  the  earth3.  But  this  diftance  of  Sirius  is  certainly  much  too  fmall, 
and  confequently  his  real  magnitude  deduced  from  thence  muft  be  too  fmall 
likewife,  it  we  allow  his  apparent  diameter  to  be  fo  much  as  5".  The  comet 
that  appeared  in  1680  is  computed,  when  in  aphelion,  to  be  at  a  diftance 
from  the  fun  14  times  as  great  as  the  diftance  of  faturn  b:  we  cannot  but  fup- 
pofe  the  neareft  ftars  to  be  at  a  greater  diftance  from  the  fun  than  any  comet 
of  the  folar  fyftem  ever  goes  to:  if  we  fuppofe  firius  to  be  but  20  times  the 
diftance  of  faturn  from  the  fun,  and  his  apparent  diameter  to  be  5",  his  real 
diameter  will  be  48  diameters  of  the  earth. 

897  The  apparent  diameter  of  5"  here  aftigned  to  ftrius,  though  lefs  than 
it  has  been  eftimated  by  many  aftronomersc,  is  certainly  too  great;  perhaps 
the  error  is  caufed  by  Cajjini uftng,  as  he  tells  us  he  did,  a  telcfcope  with  a  fmall 
aperture  at  the  objetft  glafs;  for  this  will  make  any  of  the  larger  ftars  feem  to 
have  a  fenftble  diameter  d;  whereas,  if,  inftead  of  contracting  the  aperture,  the 
eye-glafs  be  thinly  fmoked,  they  appear  like  lucid  points,  without  any  fenfible 
magnitude6:  to  this  purpofe  Dr.  Halley  fays  as  follows,  ‘The  diameters  of 
‘fpica  virgin  is  and  aldebaran  are  fo  fmall,  that  when  they  happen  to  im- 
£merge  behind  the  dark  edge  of  the  moon,  they  are  fo  far  from  lofing  their 
‘light  gradually,  as  they  muft  do  if  they  were  of  any  fenfible  magnitude,  that 
‘they  vanifli  at  once  with  all  their  luftre;  and  emerge  likewife  in  a  moment, 
‘not  fmall  at  firft,  but  at  once  appear  with  their  full  light,  even  though  the 
‘emerfion  happen  very  near  the  cufp,  where,  if  they  were  four  feconds  in  di¬ 
ameter,  they  would  be  many  feconds  of  time  in  getting  entirely  feparated 
‘from  the  limb:  but  the  contrary  appears  to  all  thofe  who  have  obferved  the 
‘occultations  of  thefe  bright  ftars.  Now  though  firius  be  bigger  than  either 
‘of  them,  yet  he  is  by  far  lefs  than  two  of  them,  and  confequently  his  dia- 
‘  meter  to  one  of  theirs  is  lefs  than  the  fquare  root  of  2  to  1,  or  than  14  to 
‘10;  fo  that,  irr  Cajjini  s  telefcope  which  (hewed  the  diameter  of  firius  5", 
‘one  of  thefe  ftars  ought  to  appear  about  4  feconds  in  diameter:  whereas  we 
‘are  otherwife  certain  that  they  are  lefs  than  one  fingle  fecond  in  diameter; 
‘the  great  ftrength  of  their  native  light  forming  the  relemblance  of  a  body, 
‘  when  it  is  nothing  elfe  but  the  fpilfitude  of  their  rays  f. 

Z  Elements  d'aftronomie  par  Mr.  Caflini  in  \to  Paris  1740.  lint,  1.  chap.  5.  b  According  to 

Hal  lex,  the  aphelion  diftance  of  this  comet  from  the  fun  is  a  little  more  than  1  3  3  times  the  mean  diftance 
of  the  earth  from  the  fun,  <v.  Newton,  princip.  1.  3.  prop.  41.  c  Tycho  makes  the  apparent  diameter 

of  a  ftar  of  the  firft  magnitude  two  minutes,  <v.  Ricciol.  almag.  1.  6.  c.  9.  d  Flamjieed,  committing 

the  fame  fault  of  leffening  the  aperture,  makes  the  diameter  of  firius  15",  Hi  ft.  cceleftvol.  1.  p.  17. 
e  Hu?ens  makes  this  remark,  fyftem.  faturn.  ,  f  Phil,  tranfaft.  abridg.  vol  6.  p.  1 66- 

T  t 


898 


33°  ASTRONOMY  book  2. 

Fig.  89 8  Since  the  apparent  diameters  of  the  bars,  even  thofe  of  the  firb  mag¬ 
nitude,  are  thus  fmall,  not  amounting  to  a  fingle  fecond;  we  cannot  hope 
to  determin  the  meafure  of  them  with  any  certainty:  we  may  adign  them  a 
meafure  which  we  certainly  know  they  do  not  exceed;  but  we  cannot  be 
fure  that  meafure  is  not  too  great  for  them:  all  luminous  objedts  appear  lar¬ 
ger  than  opake  ones  of  the  fame  dimenfions;  thus,  mercury  appears  larger 
when  in  all  his  brightnefs  than  when  he  is  feen  like  a  dark  fpot  upon  the 
funa;  though  he  be  neared;  us  in  the'dtuation  lad  mentioned.  The  apparent 
diameters  of  the  dxt  bars  are  much  fmaller  than  they  have  been  generally 
determined  by  thofe  who  have  conddered  them,  and  yet  fmall  as  they  are,  the 
real  magnitudes  of  them  are  probably  very  great;  otherwife  they  would  not 
be  vifible  to  us  at  all,  by  reafon  of  their  immenfe  didance  from  us:  if  we 
fuppofe  the  apparent  diameter  of  any  of  the  dars  obferved  by  Bradley  to  be 
equal  to  a  400000th  part  of  the  fun’s  apparent  diameter,  or  a  200th  part  of  a 
fecond,  and  this  does  not  feem  too  much  to  adign  for  the  apparent  diameter 
of  one  of  them,  which  is  a  dar  of  the  fecond  magnitude15;  it  will  follow  from 
that  fuppodtion  and  from  what  has  been  faid  of  the  didance  of  that  dar,  that 
it  equals  the  fun  in  bignefs.  In  diort,  we  have  no  proofs  that  any  of  the  dars 
are  lefs  than  the  fun;  it  is  very  probable  many  of  them  equal  and  many  fur- 
pafs  that  luminary  in  their  real  dimendons:  and  this  may  be  true,  not  only 
of  thofe  which  are  of  the  greated  ludre,  but  even  of  thofe  which  are  fcarce- 
ly  vidble  to  us.  How  great  foever  be  the  real  magnitude  of  any  body,  we 
may  adign  it  a  didance  from  us  large  enough  to  make  it  appear  under  an  an¬ 
gle  of  any  given  fmallnefs:  thus,  if  the  fun  were  10000  times  as  big  as  he  is, 
we  might  fuppofe  him  to  be  removed  to  fuch  a  didance  from  us,  as  to  ap¬ 
pear  no  bigger  than  the  fmalled  telefcopic  dar;  or  even  to  be  out  of  the  reach 
of  any  glades  that  can  ever  be  made. 


CHAP.  20.  THE  APPARENT  DIAMETERS  OF  THE  SU&  AND  PRIMA¬ 
RY  PLANETS. 

899  The  apparent  diameter  of  the  fun,  or  of  any  planet  is  the  angle  under 
which  the  fun  or  the  planet  appears  to  an  inhabitant  of  the  earth:  thus,  fig. 

9 7  97,  let  s  be  the  fun,  e  the  eye  of  an  obferver  upon  the  earth,  e  a  and  e  b 
lines  drawn  from  the  eye  of  the  obferver  tangents  to  the  globe  of  the  fun  and 
terminated  in  the  fphere  of  the  heaven  at  a  and  b;  the  angle  aeb  is  the  ap¬ 
parent  diameter  of  the  fun,  the  meafure  of  that  angle  is  ab,  an  arc  of  a 

a  Tlanfteed  me  a  fared  his  diameter  in  the  former  fituation  1 6",  Hi  ft.  cocleft.  <vol.  i.  /.  17.  Bradley  in  the 
latter  but  \  o"  45'",  Phil,  tranf.  abr.  vol.  6-  jx  238.  b  The  liar  n  in  the  great  bear.  great 
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great  circle  in  the  fphere  of  the  heaven,  and  the  apparent  diameter  of  the  fun 
is  faid  to  be  fo  many  minutes  and  feconds  as  that  arc  contains:  fee  §  235  to 
244,  fee  alfo  §  292. 

900  The  apparent  diameter  of  the  fun  was  pretty  well  known  to  the  an¬ 
cients;  we  fhall  fee  by  the  table  that  fome  of  them  were  not  out  much  above 
a  minute,  in  determining  it:  when  they  fet  down  what  it  was  at  the  fun’s 
greateft  diftance,  and  what  at  his  leaft  diftance  from  us;  I  do  not  think  they 
had  any  method  of  finding  out  the  difference  by  immediate  obfervation;  but 
they  firft  fuppofed  the  fun  to  move  equably  in  a  circle,  and,  finding  the  fpace 
of  time  from  the  vernal  equinox  to  the  autumnal  was  feveral  days  longer 
than  from  the  autumnal  to  the  vernal,  they  confidered  how  much  the  earth 
muff  be  placed  out  of  the  center  of  the  fun’s  circle  a  to  caule  fuch  an  apparent 
inequality  in  his  motion;  and  how  much  nearer  he  muft  be  to  us  in  winter 
than  in  fummer:  and  from  thence  inferred  how  much  greater  his  apparent 
diameter  muft  be  in  winter  than  in  fummer.  The  moderns  have  been  able 
to  obferve  direCtly  what  difference  there  is  in  the  fun’s  apparent  diameter, 
at  different  times  of  the  year;  and  from  thence  have  concluded  what  change 
there  is  in  his  difiance  from  us:  and  this  is  done,  either  by  looking  at  the 
fun,  where  the  telefcope  and  micrometer  are  of  great  ufe;  or  by  projecting 
the  fun’s  picture  upon  a  white  plane  in  a  dark  room. 

90 1  The  fun’s  vertical  or  perpendicular  diameter  is  found  by  taking  the 
height  of  the  upper  and  lower  edge  of  his  dilk,  as  mentioned  §  292:  this  is 
moft  conveniently  done  when  the  fun  is  in  or  near  the  meridian;  becaufe 
there  is  then  no  fenfible  change  in  his  altitude,  during  the  fpace  of  two  or 
three  minutes:  the  height  of  each  edge  muft  be  corrected  by  proper  allow¬ 
ance  for  parallax  and  refraCtion,  and  we  fhall  have  the  true  diameter,  which 
is  the  difference  between  the  true  height  of  the  upper  and  lower  edge.  This 
method  is  very  fimple,  and  gives  us  the  fun  s  apparent  diameter  with  as 
much  exaCtnefs  as  can  be  expeCted  from  the  divifions  of  the  inftrument,  which 
fhould  be  a  large  quadrant,  furnifhed  with  a  telefcope  with  two  crofs-hairsb, 

one  perpendicular,  the  other  horizontal. 

go2  The  fecond  method  of  determining  the  fun  s  apparent  diameter  is  to 
obferve  by  a  good  clock  the  time  the  fun  s  difk  takes  in  paffing  through  the 
plane  of  the  meridian,  or  fome  other  hour  circle.  At  or  very  near  either  of 
the  equinoxes,  when  the  fun’s  apparent  diurnal  motion  is  in  the  equatoi,  01 

a  1  fpeak  here  of  thofe  among  the  ancients  who  fuppofed  the  earth  to  be  placed  in  the  center  of  the  uni- 
verfe,  and  the  fun  and  planets  to  mov^e  round  the  earth  in  excentric  circles,  in  a  manner  that  will  be  ex¬ 
plained  hereafter.  b  They  are  now  generally  very  fine  filver  wires ;  though  called  hairs,  perhaps 

becaufe  hairs  were  firft  in  ufe. 
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in  a  parallel  very  near  that  circle,  fay,  as  the  time  between  the  fun’s  leaving 
the  meridian  or  any  other  hour  circle  and  returning  to  it  again,  is  to  360 
degrees;  lo  is  the  time  of  the  fun  s  tranlit,  to  the  number  of  minutes  and  fe- 
conds  of  a  degree  contained  in  his  apparent  diameter.  The  time  of  the  fun’s 
tranlit  may  alfo  be  turned  into  parts  of  a  great  circle,  by  the  table  page  79. 
At  any  other  time  of  the  year,  when  the  fun  is  in  a  parallel  at  fome  didance 
from  the  equator,  his  diameter  meafures  a  greater  number  of  minutes  and 
feconds  in  that  parallel  than  it  would  do  in  a  great  circle,  and  takes  up  pro¬ 
portionally  more  time  in  palling  over  the  meridian;  we  may  then  ule  this 
analogy;  as  the  whole  fine,  is  to  the  coline  of  the  fun’s  declination;  fo  is  the 
time  the  fun  is  palling  through  the  meridian  reduced  to  minutes  and  fe¬ 
conds  of  a  degree,  to  the  arc  of  a  great  circle  which  meafures  the  fun’s 
apparent  horizontal  diameter.  This  method  is  eafily  put  in  practice  by  two 
pei Ions,  one  of  which  is  to  look  through  a  telefcope  with  crofs  hairs,  and 
give  a  fignal  by  pronouncing  quick  the  word  now ,  or  lome  other  monofyllable, 
at  the  moment  the  fun’s  weitern  edge,  as  alfo  when  his  eadern  edge  appears 
to  touch  the  perpendicular  hair;  the  other  is  to  meafure  the  interval  of  time 
between  thofe  two  moments,  by  the  fwings  of  a  pendulum,  or  the  hand  of 
a  clocic  that  fhews  feconds:  the  whole  may  alfo  be  performed  by  one  obfer- 
ver,  if  he  ma^es  ufe  of  a  flop- watch ;  or  has  a  clock  placed  near  enough  for 
him  to  hear  the  beats,  whilft  he  is  viewing  the  tranlit. 

9°3  In  tne  year  1732  on  the  23,  24  and  30  of  december,  new  ftyle, 
which  is  the  time  of  year  when  the  fun  is  neared  us,  Cajjini*  meafured,  with  a 
micrometer  carefully  adjuded,  the  vertical  diameter  of  the  fun;  and  after  pro¬ 
per  allowances  for  parallax  and  refradiom  found  his  greated  apparent  dia¬ 
meter  to  be  32  3/  24 or  32'  3 17%  In  the  year  1735  on  the  30  of  june, 
new  dyle,  when  the  fun  is  at  the  greated  didance  from  us,  the  fame  Caffini 
found  his  true  apparent  diameter  31'  32"  24",  or  31'  32'J:  CaJ/ini  here 
takes  notice  that  his  obfervations  agree  fo  exactly  with  thole  made  fome  years 
beioie  by  Louvilley  that  there  is  not  the  difference  of  a  fingle  fecond  between 
tnem.  Louvtlle  appears  to  have  taken  the  apparent  diameter  of  the  fun  with 
the  utmod  care;  he  meafured  the  horizontal  diameter  by  the  time  of  the  fuffs 
pal  age  by  the  vertical  hair  of  his  telefcope,  he  made  ufe  of  a  clock  which 
beat  feconds  and  a  dop--\vatch  which  made  live  beats  in  a  fecond:  he  took 
tne  vertical  diameter  of  the  fun  with  a  micrometer;  and  found  it  jud  fo  much 
lefs  than  the  horizontal,  as  it  ought  to  be  by  the  different  refradion  of  the 

dfameter  4' T?  ^  77  *h\whole‘  he  makes  the  fun’s  »PP»ent 

3-  j7  7  >  and  from  thence  computes  his  leaft  to  be  31'  3 T-o"  b 

a  Elment,  d'aJJranomit  tiv.  a.  dap  j.  b  mmim  d'Acai.  R.  ,JH. 


The 


68 


u 


L 


H 


chap.  20.  ASTRONOMY  333 

The  greatefl  and  leaft  apparent  diameters  of  the  fun,  according  to  Cajjini  Fig* 
the  father  and  Flamjleed ,  are  fomething  different  from  thofe  here  fet  down: 
fee  §  775,  and  the  following  table. 

A  table  of  the  fun’s  apparent  diameter  at  his  greatefl,  mean  and  leaft  di« 
fiance;  according  to  feveral  authors a. 


Authors  names. 

greatefl 
diflance 
of  ® 

mean 
diflance 
of  ® 

leaft 

diflance 
of  © 

r 

n 

m 

ft  iff 

t 

ft  nr 

Arijlarchus ,  Archimedes 

3° 

0 

3° 

0 

3° 

0 

Ptolemy 

3i 

20 

32 

18 

33 

20 

Albatennius 

3 1 

20 

32 

28 

33 

40 

Regiomontanus 

3 1 

0 

32 

27 

34 

0 

Copernicus 

3 1 

40 

32 

44 

33 

54 

Pycho 

3° 

0 

3  1 

0 

32 

0 

Ricciolus 

3 1 

0 

3 1 

40 

32 

8 

Job.  Domin.  Cajjini  h 

3 1 

40 

32 

13 

32 

46 

Gafcoigne  c 

3 1 

4° 

32 

5° 

Flamjleed  d 

3 1 

3o 

32 

48* 

De  la  Hire  e 

3 1 

38 

32 

1 1 

32 

44' 

Lou  A  lie  f 

3i 

32 

5° 

32 

4  36 

32 

37  7 

M.  Cajjini  F.  % 

3 1 

32 

3° 

32 

5  0 

32 

37  3°  1 

904  In  order  to  take  the  fun’s  apparent  diameter  by  the  projection  of  his 
picture,  let  the  fun  fhine  into  a  dark  room  though  a  hole  in  a  thin  plate  of 
metal  fc,  fig.  98,  the  diameter  of  the  hole  cd ,  which  fhould  not  exceed  98 
two  inches,  mufi  be  known  in  equal  parts  of  as  fmall  a  fcale  as  is  poffible;- 
for  in  fiance  let  it  be  found  how  many  hundredth  parts  of  an  inch  it  contains:- 
let  the  plate  fg,  be  fo  placed  at  the  time  of  the  obfervation,  that  a  ray  from- 
the  center  of  the  fun  may  fall  perpendicularly  upon  it  :  receive  the  circular 
image  of  the  fun  upon  a  plate  m  n,  which  fhould  be  white.,  and  placed  pa= 
rallel  to  the  plate  f  g  ;  the  diflance  between  the  two  plates  e s,  mufl  be  knownr- 
in  equal  parts  of  the  fame  fcale>  by  which  the  diameter  of  the  hole  cd ,  was- 
meafured  :  let  the  diameter  of  the  fun’s  image  ab ,  be  taken  with  a  pair  of 

a  <v.  R'Cciol.  al mage  ft.  nov.  1.  3.  c.  10.  &  afironom.  reformat.  1.  I.  C.  12.  b  olfervationr 

aftronotniques,  p.  22.  c  Flajnftccd.  hift.  cd'left.  tvol  1.  p.  4.  d  Hift ■  (deleft.  rvol.  1.  p.  23. 

e  Tabb.  aftronom.  edit.  2.  p.  17.  f ■  memoires  d' Acad.  R.  ann.  1724.  g  Elements  d'aftror.o > 

mie,  li<v.  2.  chap.  5. 
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Fig.  compares,  and  meafured  upon  the  fame  Scale;  if  the  diameter  of  the  hole  cd 
98  be  fubftraded  from  it,  there  will  remain  the  true  apparent  diameter  of  the 
fun,  viz.  rr,  in  hundredth  parts  of  an  inch;  and  coniequently  the  femidia- 
meter  rs,  is  known:  imagin  the  line  es  drawn,  and  you  have  the  rio-ht  an¬ 
gled  triangle  esr,  two  fides  of  which  viz.  es,  and  sr,  and  the  right  angle  rse , 
are  known,  and  confequently  the  remaining  angles  may  be  known  by  trigo¬ 
nometry;  and  therefore  it  may  be  known  what  the  angle  ser  is,  by  which 
the  fun’s  femidiameter  sr,  is  meafured. 

905  One  method  of  finding  the  apparent  diameter  of  a  planet  is,  to  com¬ 
pare  it  with,  and  eftimate  what  proportion  it  bears  to,  the  diameter  of  the 
moon,  or  of  a  fpot  in  the  moon,  or  the  interval  between  two  ftars  near  to 
one  another,  and  not  far  diftant  from  the  planet.  2,  another  way  is  to  place 
between  the  planet  and  the  eye  a  thin  plate  of  metal  with  a  fmall  hole  in  it, 
at  fuch  a  difiance  from  the  eye,  that  the  entire  difk  of  the  planet  may  ap¬ 
pear  exactly  to  fill  the  hole,;  and  then,  by  meafuring  the  diameter  of  the  hole 
and  the  diftance  of  the  plate  from  the  eye,  to  determine  by  trigonometry  the 
vifual  angle  fubtended  by  the  diameter  of  the  hole,  which  in  this  observati¬ 
on  is  the  fame  as  the  apparent  diameter  of  the  planet.  3,  a  third  method  Si¬ 
milar  to  the  Second  is,  to  fufpend  a  thread  or  wire  between  the  eye  and  the 
planet,  at  fuch  a  diftance  from  the  eye  that  it  may  juft  cover  the  difk  of  the 
planet,  and  to  determine  trigonometrically  the  vifual  angle  then  fubtended 
by  the  thicknefs  of  the  thread,  which  is  done  by  meafuring  its  diftance  from 
the  eye,  and  finding  its  real  thicknefs,  by  winding  it  clofe  round  a  rule  and 
obferving  how  many  threads  cover  an  inch  in  length:  by  this  method  Gali¬ 
leo  attempted  to  meafure  the  apparent  diameter  of  lyra,  and  computed  it  to 
be  5  Seconds a.  4,  a  fourth  way  is  to  meafure  the  pidure  of  the  planet  caft 
through  a  telefcope  upon  white  paper  in  a  dark  room,  and  compare  it  with 
the  diameter  of  the  fun  or  moon  caft  in  the  fame  manner.  5,  to  mention  no 
more  fuch  uncertain  methods b,  the  diameters  of  the  planets  are  beft  taken  by 
the  micrometer:  venus  and  mercury  have  been  Seen  in  the  fun,  fo  that  their 
diameters  have  been  compared  with  the  diameter  of  the  fun:  the  apparent 
diameter  of  Jupiter  may  be  found  by  reducing  into  feconds  of  a  degree  the 
time  a  fatellit,  or,  which  is  better,  the  time  the  fhadow  of  a  fatellit  takes  in 
pafling  over  his  difk.  6,  the  difk  of  a  planet  may  alfo  be  meafured,  when 
there  is  an  occultation  of  it  by  the  moon,  by  counting  the  number  of  Seconds 
that  pafs  between  the  appulfe  of  the  edge  of  the  moon’s  difk  to  the  edge  of 
the  dilk  of  the  planet  and  the  time  of  the  planet  being  totally  hid  by  the 
moon .  but  tnen  the  horary  motion  of  the  moon  and  of  the  planet  at  the  time 
*  Stfem‘  cofmic-  diaL  3  •  b  V.  Ricciol.  almag.  nov.  1.  y.  §  6.  c.  9. 
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of  obfervation  muff  be  known,  as  alfo  whether  the  edge  of  the  moon’s  difk 
comes  upon  the  planet  direftly  or  obliquely;  and,  if  obliquely,  with  what 
degree  of  obliquity. 

906  The  fmalleft  object,  as  the  fined  hair  or  wire,  placed  in  the  focus  of 
a  telefcope*-  appears  greatly  magnified  and  very  diftin<5t:  if  a  thin  plate  of  me¬ 
tal  be  placed  therein  having  a  round  hole  of  a  diameter  a  little  lefs  than  the 
diameter  of  the  eye-glafs,  it  will  diftin&ly  circumfcribe  fo  much  fpace  in 
the  heaven  as  is  vifible  through  the  telefcope  at  one  view:  this  fpace  may  be 
meafured,  either  by  finding  two  dars  whofe  diltance  from  each  other  is  ex¬ 
actly  equal  to  its  apparent  diameter,  and  is  otherwife  known;  or  by  obfer- 
ving  the  time  a  dar  in  or  very  near  the  equator  takes  in  pafiing  over  it,  fee 
§  902.  Some  adronomers  have  determined  the  apparent  diameters  of  the  pla¬ 
nets  by  edimating  how  many  times  they  were  contained  in  the  apparent  di¬ 
ameter  of  the  fpace  thus  circumfcribed  by  the  telefcope  b.  Hugens  advifes  to 
prepare  two  or  three  long  narrow  brafs  plates,  with  fides  very  drait,  but  a 
little  converging,  and,  having  two  flits  fo  made  in  the  oppofite  fides  of  the 
telefcope,  that  the  plane  of  a  long  plate  Aiding  therein  may  touch  the  plane 
of  the  plate  with  the  round  hole,  to  thrud  it  in  till  the  planet  be  jud  hid; 
and,  obferving  in  what  part  of  the  long  plate  the  breadth  of  it  is  jud  diffid¬ 
ent  to  cover  the  whole  planet,  to  take  that  breadth  with  a  fine  pair  ot  com¬ 
pares,  and  compare  it  with  the  diameter  of  the  hole:  from  whence  the  ap¬ 
parent  diameter  of  the  planet  is  eafily  found0.  The  diameters  of  planets  mea- 
fured  by  Hugens' s  method  are  fomething  bigger  than  they  ought  to  be,  be- 
caufe  the  rays  of  light  are  infle&ed  as  they  pafs  by  the  edges  of  folid  bodies, 

as  was  mentioned  §  220. 

907  Fhe  micrometer  is  an  indrument  now  very  well  known,  it  is-  fo  con¬ 
trived  that  two  parallel  fine  wires  being  placed  in  the  focus  of  a  telefcope,. 
one  fixed  the  other  moveable,  or  both  of  them  moveable,  they  may  be  made 
to  approach  or  recede  one  from  the  other  till  they  appear  exactly  to  touch 
two  oppofite  points  in  the  difk  of  the  planet;  and  then  the  index  {hews  the 
apparent  diameter  of  the  planet  in  minutes- and  ieconds:  fee  the  defcription 
of  this  indrument  in  Smith  s  optics  book  3  chap.  3,  lee  alio  Phil,  tranfad. 
abr.  vol.  1  p.  2 1 8.  Flamfeed  made  ufe  of  a  micrometer  with  two  plates,  one 
of  which  was  made  to  approach  to  or  recede  from  the  other,  till  the  planet- 
appeared  to  be  clafped  between  the  edges  of  the  two  plates:  this  method  gave 
the  apparent  diameters  of  the  planets-as  much  too  fmall  as  Hugens  gave  them 
too  great;  and  that  by  reafon  of  the  rays  beinginfle£fed  the  contrary  way,  fee 

a  The  focus  of  the  telefcope  is  a  place  within  the  tube  where  the  focus  of  the  obiea-glafs  and  the  focus  of 
the  eye-glafs  coincide,  b  Ricciol.  aim.  I  7.  §  6.  c.  9,  c  tUgzmi  fvjlem.  faturn . 

7  6  |  220  : 
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§  220:  upon  this  account,  Whifton  very  advifedly  cliofe  the  mean  between 
the  meafures  of  Hugens  and  thofe  of  Flamfteed. 

908  I  (hall  now  give  a  table  of  the  apparent  diameters  of  the  primary  pla¬ 
nets,  as  they  are  dated  by  different  authors  a:  nothing  exadt  can  here  be  ex¬ 
pected  from  the  ancients;  among  the  moderns,  thofe  marked  with  an  aderilk 
are  fuch  as  may  heft  be  depended  upon. 


Authors  names. 

Diarn. 

h 

X 

6 

? 

5 
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tt 

iff 
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"Remarks  upon  the  fun’s  apparent  diameter. 

909  The  continual  dreaming  of  the  particles  of  light  from  the  body  of 
the  fun  make  it  reafonable  to  believe  he  mud  wade  in  bulk:  Sir  Ifaac  New¬ 
ton  remarks,  that  comets  which  in  their  revolution  round  the  fun  come  fo 
near  him  as  to  go  through  his  atmofphere,  may  by  the  refidance  thereof,  have 
their  motions  fo  retarded,  that,  approaching  nearer  and  nearer  to  him  every 
revolution,  they  may  at  lad  fall  into  the  fun :  fpch  a  fupply,  though  very 

a  Ricciol.  almag.  nov.  /.  7.  §  6.  c.  9.  afironom.  reformat.  1.  10.  ( .  7.  b  Albatennius  and 

Alfraganus  determine  the  apparent  diameter  of  each  planet  by  eilimating  to  how  great  a  part  of  the  fun’s 
apparent  diameter  it  is  equal :  thus  they  fay  the  apparent  diameter  of  jupiter  is  equal  to  a  1  2th  part  of  the 
fun’s  apparent  diameter.  See  ;  Ricciolas  collects  their  meafures  as  here  fet  down  from  the  fun’s  apparent  dia¬ 
meter  as  fettled  by  them,  c  Syjlem.faturn.  d  Hift .  ccelef.  W.  1.  p.  8,  &  feqq. 

e  Venus  in  foie  njifa.  f  ibid.  g  Newton’s  princip.  book  3  phenpm.  ij  2,  h  Phil, 

tranfaft.  abr.  vof  6.  p.  238. 

fmall 
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fmall  and  happening  but  rarely,  if  we  confider  the  inconceivable  minutenefs  Fig. 
of  the  particles  of  light,  may  be  thought  fufhcient  to  keep  up  the  bulk  of 
the  fun  for  many  ages,  fo  that  no  diminution  thereof  ffiould  be  perceiveable 
by  the  inhabitants  of  the  fydem:  but  however  that  be,  the  mod  ancient  and 
modern  obfervations  of  the  fun’ s>  apparent  diameter  are  quite  inefficient  for 
determining  whether  it  be  diminished  or  not.  See  Smith  s  optics  p.  4*5* 


CHAP.  21.  THE  DISTANCES  OF  THE  PLANETS  FROM  THE  SUN:  THE 
REAL  MAGNITUDES  OF  THE  SUN  AND  PLANETS. 

\ 

910  The  parallaxes  of  the  fan  and  planets  and  their  apparent  diameters 
are  fo  well  determined,  that  the  didances  of  the  planets  from  the  fun  and 
the  real  magnitude  of  the  fun  and  planets  are  known  to  a  tolerable  degree  of 
certainty:  the  horizontal  parallax  of  the  fun  is  now  generally  agreed  to  be  a- 
bout  10",  fee  §  820;  from  hence  the  didance  of  the  fun  from  the  earth 

may  be  found  by  §  143.  .  ... 

on  In  the  Copernican  fydem,  the  proportion  between  the  femidiameters 

of  the  planetary  orbits,  or  between  the  diftances  of  the  feveral  planets  from 
the  fun  is  found  by  trigonometry;  fo  that  if  the  didance  of  any  one  of  them, 
as  for  indance  if  the  didance  of  the  earth  from  the  fun  be  given,  the  didan¬ 
ces  of  all  the  red  of  the  planets  from  the  fun  may  be  found :  in  any  of  the 
fuperior  planets,  the  ratio  its  didance  from  the  fun  bears  to  the  didance  of 
the  earth  from  the  fun  is  known,  by  meafuring  the  angle  of  the  planets  re- 
trogradation:  thus,  fig.  99,  lets  be  the  fun,  abc  the  orbit  of  the  earth,  efg  99 
the  orbit  of  mars,  hlm  part  of  a  great  circle  in  the  fphere  of  the  heaven 
wherein  mars  appears  to  go  retrograde,  let  the  place  of  mars  be  at  f  ;  by  the 
earth  paffing  in  her  orbit  from  b  to  c,  mars  will  appear  to  move  retrograde 
from  m  to  h  :  the  angle  then  of  the  retrogradation  of  mars  namely  mfh  is 
known  by  obfervation,  to  this  the  vertical  angle  bfc  is  equal:  draw  sf  and 
sb  and  you  have  the  triangle  sbf,  wherein  the  angle  sbf  is  a  right  one, 
by  ^  28;  the  angle  sfb  is  equal  to  half  the  angle  ol  retrogradation,  and  con- 
fequently  known;  fo  that  in  this  triangle  two  angles  are  known,  and  there¬ 
fore  the  remaining  angle  fsb  may  be  found,  §  55  cor.  3:  and,  all  the  angles 
bein^  known,  the  ratio  of  any  one  fide  to  any  other,  as  the  ratio  of  sb  trie 
didatice  of  the  earth  from  the  fun  to  sf  the  didance  of  mars  trom  the  fun 

may  be  found,  §141.  ~  ,  -r 

Scholium .  The  angle  of  the  retrogradation  of  mars  is  here  exprelied  as  it 

mars  dood  dill  at  F/whilft  the  earth  went  from  b  to  c;  whereas  mars  in  the 

y  v  mean 
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Fig.  mean  time  moves  forward  in  his  orbit,  from  f  to  k,  fo  that  his  real  retro- 
gradation  will  be  only  ml  lefs  than  mh:  but  fince  the  quantity  of  mars’s 
motion  in  his  orbit  may  be  found,  during  the  time  of  his  retrogradation,  it 
maybe  known  how  much  the  angle  of  his  retrogradation  is  thereby  dimi- 
nifhed,  and  confequenriy  what  his  retrogradation  would  have  been,  if  he  had 
Rood  Rill  all  the  while  at  f. 

912  In  either  of  the  inferior  planets,  the  ratio  of,  the  femidiameter  of  its 
orbit  to  the  femidiameter  of  the  orbit  of  the  earth  is  eafily  found,  by  the  an- 

100  gle  of  the  planet’s  greateR  elongation:  thus,  fig.  100,  let  s  be  the  fun,  abc 
the  orbit  of  mercury,  efg  the  orbit  of  the  earth, '  l  m  n  an  arc  of  a  great  cir¬ 
cle  in  the  fphere  of  the  fixt  fiars;  a  the  place  of  mercury  when  feen  at  l  in 
his  greateR  elongation  from  the  fun;  draw  se,  and  s  a,  and  you  have  a  tri¬ 
angle,  whereof  the  angle  sae  is  a  right  one,  sea  is  the  angle  of  mercury’s 
elongation,  known  by  obfervation,  and  therefore  the  remaining  angle  ase 
may  be  found:  and  confequently  the  ratio  of  es  the  diRance  of  the  earth 
from  the  fun  to  A  s  the  diRance  of  mercury  from  the  fun  may  be  known. 

913  The  two  fedtions  immediately  preceding  (hew  how  to  find  the  com¬ 
parative  difiances  of  the  planets  from  the  fun,  but  only  in  a  general  and  lefs 
accurate  way;  becaufe  neither  the  excentricities  of  the  planetary  orbits  nor 
the  inclinations  of  their  planes  are  there  taken  into  the  account:  more  exadt 
methods  may  be  feen  in  Gregory  s  afironomy  book  3  prop.  19,  21  and  22; 
and  Cajjini  elements  d'aftronomie  liv .  4.  chap.  6. 

914  The  difiances  of  the  planets  from  the  fun  are  found  to  be  in  a  cer¬ 
tain  ratio  to  the  periodical  times  of  their  revolutions  round  the  fun;  the 
fquares  of  their  periodical  times  are  as  the  cubes  of  their  difiances:  this'ana- 
logy,  difcovered  by  Kepler a,  furnilhes  us  with  a  method  of  finding  the  ratio 
between  the  difiances  of  the  planets  from  the  fun,  to  greater  exadtnefs  than 

can  be  done  by  any  other  method;  becaufe  the  periodical  times  of  the  planets 
are  known  to  great  exadtnefs. 

915  ‘The  periodical  times  of  the  planets  were  given  before  in  round  num¬ 
bers;  in  the  following  table  they  are  fet  down  more  accurately  k 
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9 1 6  fhe  comparative  mean  dijiances  of  the  planets  from  the  fan  were  before 
fet  down  only  in  round  numbers,  §  6195  the  following  table  has  them  with 
greater  exa&nefs*. 

h  X  ®  9  $ 

According  to  Kepler  951000.  519650.  152350.  100000.  72400.  38806. 

According  to  Bttllialdtts  954198.  522520.  152350.  100000.  72398.  38585, 

From  the  periodical  times  953806.  520116.  152369.  100000.  72333.  3^710. 

917  From  hence,  the  ab folate  di fiances  of  the  planets  from  the  funt  fuppofing 
the  fun’s  parallax  id',  are  as  follows  j 
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918  From  their  apparent  diameters  and  thefe  real  diflances,  we  have  the 
real  diameters  of  the  fun  and  primary  planets,  as  follows b ; 
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919  fhe  fuperfcial  contents  of  the  fun  and  primary  planets  are  as  follows,  §  86; 
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a  Newton's  princip.  book  3.  phenom.  4.  The  near  agreement  of  the  comparative  diflances  computed 
from  the  periodical  times  with  thofe  determined  from  obiervations  by  Kepler  and  Bullialdus  is  a  good  proof 
of  the  analogy  mentioned  §  914- 

b  In  the  apparent  diameters,  I  follow  Bradley  for  mercury ;  the  mean  between  Harr  ox  and  Crabtree  for 
venus ;  Flamjleed  for  mars ;  and  Pound  for  jupiter  and  faturn. 
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920  ihe  folidities  of  the  fun  and  primary  planets  are  as  follows,  §  87; 


< 


'  the  fun 
mercury 
venus 
mars 
jupiter 
.  faturn 


'  IOOOOOO' 

0 

I 

±— ^ 

r*—H 

17 

qua 

\  > 

<L> 

CO 

• 

899 

J 

-  612  _ 

I  * 

rXj  w 


<u 


£ 

<L)  <D 

-C  -£3 

4->  *-> 

CO 

W  o 
.§  >. 


92 1  The  mean  diflances  of  the  planets  from  the  fun,  or  the  femidiame- 
ters  of  their  orbits  being  given;  it  is  eafy  to  compute  the  circumferences  of 
thofe  orbits;  by  §  68.  The  circumference  of  the  orbit  of  a  planet,  and  the 
periodical  time  in  which  it  goes  round  therein  being  given;  we  may  eafiiy 
compute  the  mean  velocity  with  which  the  planet  goes  round  the  fun  in  its 
orbit.  ’The  mean  horary  velocities  of  the  primary  planets  are  as  follows; 


mercury  ' 

<u 

"94OOO' 

venus 

4-1  <U 

69OOO 

the  earth 

C  u 

3  <L>  j 

f  OrC  ' 

u  *-* 

-j  ■* 

5900°  „ 

mars 

48000 

jupiter 

£  2 

26000 

faturn 

0  2 

. 19000 J 

c 

d 

c  \Z 
3 

co  O 


Scholium.  The  horary  motion  of  every  planet  when  in  perihelion  i$  fwift- 
er  than  is  here  fet  down,  and  flower  when  in  aphelion:  as  was  faid  §  672. 

922  The  diflances  of  the  planets  from  the  fun  above  fet  down  fuppofe  the 
parallax  of  the  fun  to  be  precifely  10",  as  it  was  determined  by  the  parallax 
of  mars,  §  820  and  822  :  but  fince  it  is  impoffible  to  be  certain  there  is  not 
an  error  of  2  or  3  feconds  in  the  parallax  of  mars,  arifing  from  the  imper¬ 
ceptible  errors  in  the  obfervations  upon  which  the  calculation  of  the  parallax 
of  that  planet  is  founded;  and  fince  the  difference  of  3"  in  the  parallax  of  mars 
would  occafion  a  difference  of  1000  femidiameters  of  the  earth  in  his  diflance; 
it  is  impoffible  to  determine  the  diflance  of  mars  from  the  earth  with  certain¬ 
ty,  fo  near  as  to  1000  femidiameters  of  the  earth:  and  confequently  the  di¬ 
flance  of  the  fun  from  the  earth  cannot  be  determined  nearer  than  within  a- 
bout  2000  or  3000  femidiameters  of  the  earth.  If  the  parallax  of  mars  were 
greater,  it  would  be  more  eafy  to  determine  his  diftance  with  certainty;  the 
difficulty  of  determining  the  diflances  of  phenomena  increafes  in  a  duplicate 
proportion  of  their  diflances,  fo  that  a  diflance  20  times  as  great  as  another 
is  400  times  as  difficult  to  be  determined  with  equal  certainty.  When  aflro- 
nomers  give  us  the  diflances  of  the  planets  in  leagues  and  miles,  as  they  may 

do 
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do,  iince  the  femidiameters  of  the  earth  may  be  reduced  to  leagues  and  miles 
with  accuracy  enough,  as  when  they  tell  us  the  diftance  of  the  earth  from  the 
fun  is  about  30  millions  of  leagues;  we  can  have  no  greater  certainty  the 
number  is  exaCt  within  2  or  3  millions  of  leagues,  than  we  have  that  in  a 
diftance  by  common  eflimation  of  30  leagues  upon  the  earth  there  is  not  a 
miftake  of  2  or  3  leagues.  Cajjini  observations  ajironomiques ,  §  37. 

923  Thofe  among  the  ancients  who  placed  the  earth  in  the  center  of  the 
univerfe  determined  the  moon’s  diftance  by  her  parallax,  which  they  could 
difcover;  as  for  the  diftances  of  mars,  jupiter  and  faturn,  they  conjedtured 
them  to  be  proportional  to  their  periods:  and  fmce  the  moon,  which  they 
found  to  be  neared:  to  the  earth,  performed  her  circuit  in  the  fhorteft  time; 
they  concluded  faturn,  whofe  period  was  longed;,  to  be  proportionally  the 
mod:  diftant  planet  from  the  earth:  this  rule  could  not  be  applied  to  venus 
or  mercury;  becaufe  they  are  always  near  the  fun.  Some  of  them  placed  mer¬ 
cury  farther  from  the  earth,  others  nearer  to  the  earth  than  venus:  others, 
obferving  that  mercury  and  venus  were  never  very  far  diftant  from  the  fun* * 
imagined  the  orbits  of  thofe  two  planets  to  have  the  fun  for  their  center,  and 
that  they  accompanied  the  fun  in  his  annual  revolution  round  the  earth. 

924  T  he  ancients  determined  the  diftance  of  the  fun  from  the  earth  by 
eclipfes  of  the  moon;  or  by  obfervations  of  the  moon  when  flie  appears  half 
illuminated  by  the  fun:  and,  from  the  diftance  of  the  fun  thus  found,  com-* 
puted  his  parallax;  which  they  made  much  greater  than  the  obfervations  of 
the  moderns  have  fhewn  it  to  be,  as  was  faid  §  815. 

Pythagoras  conjectured  the  diftances  of  the  feveral  planets  from  the  earth 
to  be  in  certain  harmonical  proportions3,  and  was  herein  followed  by  fome  of 
the  Platonic  philofophersb  and  others. 


CHAP.  22.  CHANGES  IN  THE  FIXT  STAfcS:  CLOUDY  STARS. 

925  There  are  feveral  ftars  now  to  be  feen  in  the  heaven,  which  are  not 
mentioned  in  the  ancient  catalogues;  and  others  are  now  not  to  be  found* 
though  the  places  in  which  they  formerly  appeared  have  been  fet  down  by 
aftronomers  who  obferved  them:  there  are  alfo  fome  ftars  whofe  apparent 

a  Pythagoras  prodidit  hunc  totnm  mundum  mufica  factum  rations ;  feptemqae  Jlellas  inter  coclutn  iff  terram 

*vagas,  qua  mortal ium  genefes  moderantur,  motion  habere  tvfvSf, oo»}  iff  inter-valla  mujicis  diajlematis  habere 
congrua,  fonitu fque  <varios  reddere  pro  fua  qu&que  altitudine  ita  Concordes ,  ut  dulcijjimam  quidem  concinant  me* 
lodiam,  fed  nobis  inaudibilem  propter  vocis  magnitudinem ,  quam  non  capiant  anrium  nojlrarum  anguftig,. 
Cenforin.  de  die  natalis  c.  n.  Vide  Ciceronis /omnium  Scipionis. 

b  Macrob.  in  fomn .  Scip.  /.  2.  c.  3.  V.  Ricciol.  aim.  /.  9.  §5 .  c.  7. 


magnitude 
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magnitude  is  periodically  increafed  and  diminifhed:  as  to  thofe  dars  which 
are  omitted  in  the  ancient  catalogues  but  inferted  in  thofe  of  later  date  it  is 
probable  many  were  overlooked  at  fird  by  reafon  of  their  fmallnefs:  fome  of 
the  ancients  mention  the  pleiades  as  confiding  of  fix  dars  only,  others  as  of 
feven:  this  has  induced  fome  authors  to  count  the  feventh  of  the  pleiades  a- 
mong  the  new  dars;  but  thio  difference  in  reckoning  may  perhaps  be  owin^’ 
to  the  difference  in  the  eyes  of  the  obfervers;  or  to  the  different  conditution 
of  the  air:  it  may  not  be  improper  upon  this  occafion  to  mention,  that  feve- 
ral  aftronomers  have  given  us  figures  of  the  pleiades,  as  they  appear  through 
the  telefcope:  thus  Galileo  gave  us  one  containing  36  ftars a;  Hook  has  one  of 
78  b:  De  la  Hire  has  a  fcheme  of  64c:  and  Maraldi  one  of  56  ftars as  to 
fome  little  difference  between  their  feveral  draughts,  it  may  eafily  be  account¬ 
ed  for,  by  the  great  difficulty  there  is  in  placing  thofe  ftars  in  their  true  fl¬ 
otation.  v.  Ricciol  l.  8.  §  2.  c.  1.  Phil,  tranf.  abr.  vol.  1.  p.  246. 

926  The  mod  ancient  obfervation  of  a  new  dar  is  that  by  Hipparchus ,  a- 
bout  120  years  before  Chrid;  which  occafioned  his  fetting  about  a  catalogue 
of  the  dars,  as  was  faid,  §  606:  it  is  pity  we  have  not  fome  account  in  what 
part  of  the  heaven  this  dar  was  feen:  another  new  dar  is  faid  to  have  ap¬ 
peared  about  A.  D.  130:  a  third  about  A.  D.  389:  a  fourth  in  the  ninth  cen- 
tuiy  in  the  1  ^  of  foorpio,  which  is  faid  to  have  cad  as  much  light  as  a  quar¬ 
ter  of  the  moon  does:  a  fifth  A.  D.  945  between  the  condellations  of  Caffi- 
epea  and  Cepheus:  a  fixth  in  the  year  1264  near  the  condellation  of  Caffie- 
pea:  but  as  to  all  thefe  dars,  the  accounts  we  have  of  them  are  fo  imperfect, 
that  nothing  can  be  built  upon  them  e. 

927  The  fird  new  dar  of  which  we  have  any  good  account  is  that  which 
in  the  beginning  of  november  1572  appeared  in  Caffiepea,  making  near¬ 
ly  a  rhombus  with  the  three  dars  *  0  7  of  that  condellation,  where  it  was 
feen  16  months  fucceffively,  without  any  change  of  place  among  the  dxt 
dars:  this  dar  had  no  hair  round  it  or  tail  as  comets  have;  but  dione  with 
the  fame  ludre  as  the  other  fixt  dars  do ;  furpaffing  drius  or  lyra  in  brightnefs 
and  magnitude:  it  appeared  even  bigger  than  jupiter,  which  at  that  time 
was  near  his  perigee;  and  by  fome  was  thought  equal  to  venus  when  fhe  is 
in  her  greated  ludre:  it  fhone  forth  at  once  in  all  its  brightnefs;  and  conti¬ 
nued  to  do  fo  all  november,  fo  as  to  be  feen,  by  thofe  who  had  very 
good  eyes,  even  at  noon-day;  which  none  of  the  dars  or  primary  planets 
can  be,  except  venus:  and  in  the  night  it  might  be  perceived  through  thin 
clouds  by  which  other  dars  were  hid:  it  did  not  continue  long  of  the  fame 
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apparent  magnitude,  for  in  december  it  feemed  to  be  but  equal  to  jupiter: 
in  january  1573  it  was  lefs  than  that  planet,  but  a  little  bigger  than  ftars  of 
the  firft  magnitude:  to  which  it  was  equal  in  february  and  march:  thus  gra¬ 
dually  diminiftiing,  in  april  and  may  it  was  but  of  the  fecond  magnitude;  in 
june  july  and  auguft  it  was  only  equal  to  the  biggeft  ftars  in  Caftiepea,  which 
are  counted  of  the  third :  in  feptember  October  and  november,  it  was  no 
bigger  than  a  ftar  of  the  4th  order;  and  in  december  it  equalled  the  ftar  cal¬ 
led  x  by  Bayer  to  which  it  was  near:  towards  the  end  of  the  year  1573,  and 
in  the  month  january  of  the  year  following,  it  was  but  little  fuperior  to  ftars 
of  the  fifth;  in  february  it  was  no  bigger  than  a  ftar  of  the  fixth  magnitude: 
and  in  march  became  quite  invifible.  It  was  alfo  fubje<5t  to  divers  changes  in 
brightnefs  and  colour,  as  it  diminiftied  in  bignefs:  for  when  it  appeared  big¬ 
geft,  its  light  was  white  and  brilliant:  from  that  time  it  grew  a  little  yel- 
lowifh:  and  in  the  beginning  of  the  fpring  1 573  was  fomething  of  the  colour 
of  mars,  being  reddiih  like  the  bull’s-eye,  and  a  little  lefs  bright  than  the 
right  fhoulder  of  Orion:  in  may  it  was  of  a  pale  lividifh  white,  like  faturn: 
which  colour  continued  to  the  laft,  as  did  its  fparkling  alfo;  only  growing 
more  dim  and  faint,  as  it  was  nearer  to  its  difappearing.  This  ftar  was  ob- 
ferved  by  feveral  aftronomers,  but  efpecially  by  Tycho  Brahe ,  who  wrote  a 
treatife  upon  it,  wherein  he  determines  its  longitude  and  latitude,  and  con¬ 
cludes  it  to  be  in  the  region  of  the  fixt  ftars,  at  a  greater  diftance  from  the 
earth  than  the  moon,  or  even  any  of  the  planets;  by  reafon  of  its  having  no 
fenfible  parallax :  he  gives  us  alfo  the  obfervations  of  it  and  opinions  about 
it  of  the  Prince  of  Heffe ,  Hainzelius ,  Mcejilinus ,  and  others,  with  his  own 
remarks  upon  them.  Some  have  thought  this  ftar  to  be  the  fame  which  is 
faid,  §  926,  to  have  appeared  in  A.  D.  945,  and  1264;  its  place  in  the  hea¬ 
ven  feems  to  favour  this  opinion. 

928  Auguft  13  1596,  David  Fabricius  obferved  a  ftar  in  the  neck  of  the 
whale,  in  250  43'  of  aries,  with  a  fouth  latitude  of  150  54':  it  difappeared 
after  the  month  oftober  of  the  fame  year:  Bayery  in  his  maps  of  the  heaven 
printed  in  1603,  marks  it  with  the  letter  0,  as  a  ftar  of  the  4th  magnitude: 
Phocyllides  Holwarda  obferving  it  in  the  year  1637,  and,  not  knowing  what 
had  been  done  before,  thought  that  the  firft  time  of  its  being  taken  notice  of; 
he  faw  it  come  into  view  again,  after  having  difappeared  nine  months:  it 
has  been  lince  found  to  be  every  year  pretty  regular  in  its  period;  except  that 
from  ottober  1672  to  december  1676  Hevelius  could  not  fee  any  thing  of  it. 
j BullialduSy  in  a  treatife  printed  at  Paris  in  1 667,  having  compared  together 
the  obfervations  which  had  been  made  of  it  from  the  year  1638  to  1666,  de¬ 
termined  the  periodical  time  between  this  ftars  appearing  in  its  greateft  bright- 
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nefs  and  returning  to  it  again  to  be  333  days:  he  found  alfo  that  about  120 
days  pafs  between  the  time  when  it  is  fird  feen  of  the  6th  magnitude  and  its 
difappearing:  that  it  continues  in  its  greated  ludre  for  about  15  days:  that 
after  its  fird  appearance  of  the  6th  magnitude  it  increafes  in  bignefs  much 
fader  till  it  comes  to  be  of  the  4th,  than  it  does  from  that  time  to  its  being 
of  the  third:  and  that  from  its  being  of  the  third  its  increafe  to  the  feeond 
magnitude  is  by  dill  dower  degrees.  He  accounts  for  thefe  appearances,  by 
fuppofing  this  dar  to  be  a  globe  having  the  greated  part  of  its  furface  dark, 
the  red  being  luminous;  and  that,  having  a  rotation  round  its  axis,  it  turns 
fometimes  its  dark  fometimes  its  luminous  part  towards  the  earth  a. 

929  A  fimple  rotation  will  not  explain  the  variations  that  appear  in  this 
dar:  for  1,  it  does  not  every  year  arrive  at  the  fame  apparent  magnitude; 
but  fome  years  it  furpafies  dars  of  the  feeond  order  and  other  years  does  not 
equal  thofe  of  the  third:  2,  the  time  of  its  appearance  is  not  always  the  fame; 
but  fome  years  it  is  vidble  four  months,  and  in  other  years  no  longer  than 
three  months:  3,  the  time  between  its  fird  appearance  and  its  coming  to  its 
greated  brightnefs  is  not  always  equal  to  the  time  between  its  arriving  at  its 
greated  brightnefs  and  its  difappearing;  but  fometimes  its  apparent  magni¬ 
tude  increafes  fader  than  it  decreafes,  and  fometimes  it  decreafes  fader  than  it 
jncreafes:  4,  according  to  Hevelius ,  it  was  not  to  be  feen  at  all  for  four  whole 
years,  from  o&ober  1672  to  december  1676.  CaJJini  makes  the  mean  period 
of  this  dar  334  days,  allowing  it  to  be  fometimes  3  or  4  days  more  or  lei's 
than  that:  he  accounts  for  the  variations  obfervedin  it,  by  fuppofing  a  change 
in  the  polition  of  the  axis  of  the  dars  rotation15:  I  think  it  is  more  probable, 
that  the  furface  of  the  dar  is  fubjedt  to  change,  being  fometimes  covered  over 
with  more  fpots  than  at  other  times. 

930  Three  changeable  dars  have  been  difeovered  in  the  conllellation  of 
the  Iwan;  the  fird  was  feen  by  Gulielmus  Janfonius  in  1600,  at  the  fetting  on 
ot  the  neck,  near  that  in  the  bread  called  y  by  Bayer,  who  mentions  it  as  a 
new  dar:  it  is  not  in  the  catalogue  of  Tycho,  though  he  fets  down  feveral  o- 
ther  dars  near  it  which  are  lefs:  in  1606  Kepler  published  a  fmall  treatife  of 
this  dar  annexed  to  a  larger  piece  about  the  new  dar  that  appeared  in  Serpen- 
tarius:  he  therein  evidently  proves  it  to  be  a  new  dar,  againd  fome  who  at 
that  time  were  of  another  opinion:  he  tells  us  that  it  had  for  fix  years  at  lead 
continued  condantly  immoveable  as  to  its  place  among  the  fixt  dars,  and  un¬ 
changeable  as  to  its  magnitude;  being  reckoned  by  all  who  obferved  it  of  the 
third  order,  fomething  lefs  than  the  dar  in  the  bread,  and  a  little  bigger 
than  that  in  the  bill  of  the  fwan  :  he  determined  its  place  to  be  in  160  18'  ™ 
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with  550  30'  or  32'  north  latitude:  from  the  year  1606  I  find  no  account  of 
it  for  10  years;  but  in  1616,  1621,  1624  and  1629,  Ricciolus  fays  it  was 
feen  by  himfelf  and  others:  that  author,  who  feems  to  think  it  appeared  all 
the  intermediate  time  from  the  year  1606  to  1629,  could  not  find  any  wri¬ 
ter  who  had  taken  notice  of  the  time  of  its  difappearing:  but  is  very  pofitive 
that  it  was  invifible  in  the  laft  years  between  1640  and  1650:  in  1655  Do- 
menicho  Caflini  faw  it  again;  when  it  grew  bigger,  fo  as  in  1657,  1658  and 
1659  to  be  of  the  3d  magnitude,  according  to  Hevelius ;  who  from  the  be¬ 
ginning  of  the  year  1660,  with  furprize,  found  it  gradually  lefs,  and  at 
the  end  of  1661  to  be  quite  invifible:  in  november  1665  it  began  to  appear 
again,  and  in.  feptember  1666  Hevelius  faw  it  exactly  in  the  fame  place  as 
before,  with  his  naked  eye,  but  exceedingly  fmall:  in  1670,  1671,  1672, 
1675  and  1677  it  appeared  of  about  the  6th  magnitude:  in  1681  it  could 
not  be  feen  without  a  telelcope:  in  1715  it  appeared  of  about  the  6th  mag¬ 
nitude,  as  it  does  this  prefent  year  1741. 

931  The  fecond  changeable  ftar  in  the  fwan  was  difcovered  june  20  1 670, 
near  the  head  on  the  fide  towards  the  arrow;  it  was  of  the  3d  magnitude, 
and  kept  its  bignefs  to  the  3d  ot  July;  but  its  light  was  then  fenfibly  fainter: 
the  1 1  of  that  month  it  was  lcarce  of  the  4th  magnitude:  on  the  10  of  au- 
guft  it  did  not  exceed  the  5th;  in  feptember  it  diminifhed  very  faft;  and  oft. 
14  Hevelius  could  not  fee  it,  though  he  looked  for  it  very  diligently:  this 
ftar,  after  having  difappeared  near  fix  months,  was  feen  again  march  the 
17th  1671,  being  then  of  the  4th  magnitude:  the  3d  of  april  it  was  judged 
to  be  bigger  than  either  of  the  ftars  which  are  at  the  bottom  of  the  harp,  and 
are  of  the  third  magnitude;  but  was  a  little  lefs  than  that  in  the  bill  of  the 
fwan:  on  the  4th  of  april  it  was  looked  upon  to  be.almoft  equal  in  bignefs 
to,  and  much  brighter  than  the  ftar  in  the  bill:  on  the  9th  it  feemed  a  little 
lefs,  and  nearly  equal  to  the  biggeft  of  the  two  ftars  on  the  bottom  of  the 
harp:  on  the  12th  it  was  equal  to  the  leaft  of  thofe  two  ftars;  but  on  the 
15th  it  was  grown  bigger,  and  was  again  equal  to  the  biggeft  of  thofe  two 
ftars:  between  the  16  and  27  of  april  it  appeared  of  various  magnitudes; 
fometimes  equal  to  the  biggeft  of  thofe  two  ftars,  fometimes  to  the  leaft,  and 
lometimes  of  a  middle  fize  between  them  both:  the  27  and  28  or  the  lame 
month  it  was  become  as  big  as  the  ftar  in  the  bill  ot  the  fwan,  and  grew 
bigger  than  that,  and  nearly  equal  to  the  ftar  in  the  breaft,  but  its  light  was 
a  little  dimmer  and  redder,  from  the  30  of  april  to  the  6  ot  may:  on  the  15 
it  was  lefs  than  the  fwan’s  bill;  and  the  16  it  was  of  a  middle  fize  between 
the  two  ftars  in  the  bottom  of  the  harp:  from  that  time  it  continued  to 
grow  lefs  and  lefs.  fo  that  on  the  2d  of  auguft  it  was  judged  by  Hevelius  to 
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be  fcarcely  of  the  6th  magnitude,  and  on  the  nth  of  feptember  it  could  not 
be  perceived  by  him  at  all:  this  ftar  appeared  twice  in  its  greateft  fplendor 
in  the  fpace  of  one  month;  the  fir  ft  time  on  the  4th  of  april,  the  fecond  in 
the  beginning  of  may  1671,  which  is  not  known  to  happen  to  any  other  ftar. 
By  comparing  the  observations  of  thefe  two  years,  it  feemed  at  firft  to  return 
periodically  to  the  lame  phafe  in  about  10  months,  fo  that  it  ought  to  have 
appeared  again  in  february  1672,  whereas  it  was  hardly  vifible  to  the  bare 
eye  on  the  6th  of  march  in  that  year,  and  on  the  29  it  was  fcarce  of  the  6th 
magnitude,  and  it  has  never  appeared  fince.  T  his  ftar  is  not  to  be  found  in 
any  ancient  catalogue,  though  feveral  much  fmaller  ftars  near  it  are  fet  down 
in  them.  Its  longitude  was  i°  52  26"  of  ir,  and  its  latitude  47°  25'  22" 
north.  The  days  in  this  §  are  all  new  Jlyle * 

932  The  third  changeable  ftar  in  the  fwan  is  the  ftar  ^  of  that  conftella- 
tion,  which  in  the  year  1686  was  difcovered  by  Kirchius  to  change  its  appa¬ 
rent  magnitude:  by  20  years  obfervations  of  its  periods,  this  ftar  was  found  to 
return  to  the  fame  phafe  in  about  13  months  and  t,  or  405  days;  though 
fubjeCt  to  great  phyfical  alterations,  for  in  fome  years  it  arrived  at  a  greater 
magnitude  than  in  others;  but  rarely  exceeded  ftars  of  the  5th:  and  in  the 
years  1699,  1700  and  1701  it  could  nor  be  feen  at  all,  even  at  thofe  feafons 
when,  according  to  the  obfervations  of  other  years,  it  might  be  expected  to 
appear  in  its  greateft  luftre.  Its  longitude  from  the  firft  ftar  in  r  is  about 
9s  6°  30',  with  5 20  40'  north  latitude. 

933  In  the  year  1604,  in  the  latter  end  of  feptember  old  ftyle,  a  new  ftar 
appeared  near  the  heel  of  the  right  foot  of  Serpentarius:  there  were  in  that 
part  of  the  heaven  at  that  time  the  three  fuperior  planets,  very  near  one  ano¬ 
ther;  a  fight  which  fo  engaged  the  attention  of  aftronomers,  that  no  appear¬ 
ance  thereabouts  could  long  have  efcaped  them:  on  fept.  17,  Kepler ,  who 
wrote  a  treatife  about  this  ftar,  from  which  this  account  is  taken,  carefully 
obferved  the  three  fuperior  planets:  on  the  23  he  again  viewed  mars  and  jupi- 
ter,  then  drawing  near  to  conjunction;  as  a  fcholar  of  his  did  alfo  on  the  27: 
on  the  28  thofe  planets  were  obferved  by  feveral  perfons:  on  the  29,  which 
was  the  day  when  mars  and  Jupiter  were  in  conjunction,  they  were  obferved 
by  Maftlinus ;  but  none  of  thefe  perfons  as  yet  faw  any  thing  of  the  new  ftar: 
on  the  30  the  fudden  breaking  of  the  clouds  gave  one  of  Keplers  friends  an 
opportunity  of  having  a  very  fhort  view  of  it;  for,  in  looking  for  mars  and 
jupiter,  befides  thofe  two  planets  he  law  a  bright  ftar  near  them,  but  foon 
loft  fight  of  it  again,  by  the  clouds  intervening:  on  the  2,  3,  4,  and  6,  of 
oCtober,  it  was  feen  by  feveral  perlons  in  different  places;  but,  by  reafon  of 
the  cloudy  weather  at  Prague.,  Kepler  could  not  have  a  view  of  it  till  the  7 
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of  that  month.  He  tells  us  that  all  who  obferved  it  agreed  in  this,  that  it  was 
exadly  round,  without  any  beard  or  tail,  with  one  of  which  comets  are  al¬ 
ways  attended;  and  that  it  was  exactly  like  one  of  the  fixt  ftars,  except  that 
in  the  vividnefs  of  its  luftre  and  quicknefs  of  its  fparkling  it  exceeded  any 
thing  they  had  ever  feen  before:  as  to  its  colour,  both  Kepler  and  Mcejllinus 
took  notice  that  it  was  every  moment  changing  into  fome  of  the  colours  of 
the  rainbow,  as  yellow,  orange,  purple,  and  red;  but  was  generally  white, 
when  it  was  at  a  little  height  above  the  vapours  near  the  horizon.  As  to  the 
magnitude  of  this  ftar  at  its  firft  appearance,  every  body  who  faw  it  was  of 
opinion  that  it  was  not  only  bigger  than  any  of  the  fixt  ftars,  but  furpafied 
faturn  and  mars,  and  even  jupiter;  which  laft  planet  was  near  it  all  the  month 
of  odober;  and  was,  by  his  Ready  light,  eafily  diftinguifhed  from  this  vehe¬ 
mently  fparkling  ftar:  "Tycho  pronounced  the  ftar  in  Cafiiepea  to  be  fomething 
bigger  than  jupiter,  who  was  at  that  time  in  perigee;  the  ftar  in  Serpentarius 
was  much  bigger  than  jupiter,  but  jupiter  was  then  in  apogee,  and  conle- 
quently  in  his  leaft  apparent  magnitude.  It  continued  for  the  whole  month  of 
October  nearly  of  the  fame  bignefs;  except  that,  as  the  fun  began  to  grow 
nearer  to  the  ftar  than  to  jupiter,  it  did  not  feem  to  exceed  that  planet  111  mag¬ 
nitude  fo  much  as  before:  and  yet  oft.  30  it  was  fo  much  brighter  than  ju¬ 
piter,  that  Kepler  could  fee  the  ftar,  when  he  could  not  fee  jupiter;  though 
that  planet  was  at  the  fame  time  farther  oft  from  the  iun  s  beams  tnan  the 
ftar  was:  novemb.  6  Kepler  faw  it  for  the  laft  time  before  it  was  got  too  far 
into  the  evening  twilight;  for  cloudy  weather  followed:  another  perfon  faw 
it  on  the  8:  on  the  12,  though  its  place  might  be  marked  by  the  moon,  which 
was  then  near  it,  yet  no  new  ftar  was  to  be  feen:  it  was  not  however  cover¬ 
ed  by  the  moon,  becaufe  her  latitude  was  then  above  3  degrees,  whereas  the 
ftar  had  not  fo  much  as  2  degrees  latitude:  at  Prague  therefore  the  ftar  was 
invifible,  by  the  fun  being  too  near  it,  fome  time  between  the  6  and  the  12  of 
november;  but  at  Turin,  where  the  height  of  the  poie  is  leis  than  at  1 1  ague, 
it  was  feen  the  13  of  november,  by  thole  who  had  very  good  eyes:  decemo. 
24,  the  fky  being  clear  after  a  good  deal  or  cloudy  weather,  Keplu  had  the 
firft  certain  view  of  it  again,  after  its  being  hid  by  the  twilight;  it  i  park  ltd 
exceedingly,  but  was  much  diminilhed  in  magnitude;  howevei  it  hill  feein- 
ed  bigger  than  fcorpion’s  heart,  though  deeper  in  the  twilight  than  Icoipion  s 
heart:  but  it  appeared  lefs  than  ardturus;  perhaps  becaufe  aivturfts  was  out 
of  the  fun’s  beams:  for  on  the  3d  of  januaiy,  being  quite  out  of  the  twilight, 
it  feemed  bigger  than  either  ardturus,  or  faturn,  which  planet  had  then  been 
three  days  out  of  the  twilight.  From  this  time  the  ftar  grew  Ids  and  lefs;  for 
on  the  10  of  march,  being  carefully  viewed,  it  appeared  much  lefs  than  fa- 
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tuinj  and  but  little  bigger  than  the  ftars  of  the  3d  magnitude  in  the  knees 
Serpentaiius.  April  j  1  it  feeined  equal  to  the  bright  ftar  in  the  right  knee 
ol  Sei  pen tai ius j  and  continued  nearly  of  that  magnitude,  may  and  june :  au- 
gnll  the  2  and  4j  being  carefully  compared  with  fome  adjacent  ftars,  it 
V\  as  judged  to  be  equal  to  the  neareft  flat  m  the  leg  of  Serpentanus,  which 
jS  counted  of  the  3d  magnitude,  but  is  lei s  than  that  in  the  knee:  the  new 
liar  continued  Hill  to  fparkle  more  ftrongly  than  any  other  fixt  fbar:  aug.  19, 
by  rcafon  of  the  lightlomenefs  of  the  night  at  that  time  of  the  year,  it  could 
hardly  be  determined  whether  the  new  ftar  appeared  bigger  than  that  in  the 
leg  or  not;  but  it  was  more  eafily  difcerned  than  that,  by  reafon  of  its  great¬ 
er  fparkling:  fept.  3  it  was  lefs  than  that  in  the  leg:  fept.  28,  which  was  a 
year  after  its  firft  coming  into  view,  it  was  more  eafy  to  be  feen  than  the  ftar 
in  the  leg,  and  yet  it  was  not  very  eafily  feen,  becaufe  it  was  now  got  a  little 
within  the  evening  twilight  again,  and  was  this  year  hid  by  the  nearnefs  of 
tne  lun  s  light  40  days  fooner  than  in  the  preceedmg  year;  from  which  circum- 
ftance,  it  may  be  conjectured  how  much  greater  its  magnitude  was  at  its  firft 
appeal  ance  than  now.  In  january  1606  thefky  was  l'eldom  clear  in  the  morn¬ 
ing,  however,  on  the  25  in  the  morning  Kepler  could  fee  the  place  of  it, 
but  could  not  fee  the  ftar.  Jan.  27  he  was  uncertain  whether  he  did  not  fee 
fome  glimmeiing  of  the  new  ftar  or  not;  fo  that,  if  it  was  not  quite  extindt, 
it  was  grown  too  fmall  to  be  perceived  in  the  morning  twilight.  In  march  its 
place  was  fo  far  out  of  the  fun’s  beams,  that  it  rofe  high  enough  above  the 
horizon  before  the  appearance  of  the  morning  twilight,  but  there  was  not 
the  lea  ft  glympfe  of  the  ftar  to  be  feen.  Upon  the  whole,  Kepler  concludes 
ihat  it  (iifappeated  lometime  between  oCtober  1603  and  the  february  follow¬ 
ing;  but  on  what  day  is  uncertain.  He  fays  it  had  no  parallax  nor  motion; 
and  remaiks,  that  all  the  planets  were  fuccellively  in  conjunction  with  this 
ftar,  during  the  time  of  its  appearance. 

^934  Befides  thefe,  feveral  other  changes  have  been  obferved  in  the  ftars: 
Montanan  found  two  ftars  of  the  2d  magnitude  in  the  conftellation  of  the 
fhip,  marked  ,0  and  7  by  Bayer ,  to  be  wanting:  he  fays,  they  were  feen  by 
himfelf  and  others  in  1664,  on  occafion  of  the  comet  which  appeared  that 
yeai ;  when  they  firft  difappeared  he  does  not  know,  only  he  is  fure  that  on 
the  10th  of  april  1668  there  was  not  the  leaft  glympfe  of  them  to  be  feen; 
and  yet  the  reft  about  them,  even  of  the  4th  and  5th  magnitudes,  remained 
unchanged:  he  fays,  he  has  obferved  above  an  hundred  other  changes  among 
the  fixt  ftars,  though  none  of  them  fo  great  as  thofe.  Domenicho  CaJJini 
difcovered  a  new  ftar  of  the  4th  and  two  of  the  5th  magnitude  in  Caftie- 
pca:  five  new  ftars  in  the  fame  conftellation,  whereof  3  have  ftnce  difap- 
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peared:  two  in  the  beginning  of  the  conftellation  Eridanus;  one  of  the  4th, 
the  other  of  the  5th  magnitude:  four  of  the  3th  or  6th  order,  near  the  north 
pole:  that  great  aftronomer  has  alfo  remarked  that  the  ftar  placed  by  Bayer 
near  the  ftar  e  of  the  little  bear  is  no  longer  viiible:  that  the  ftar  A  in  Andro¬ 
meda  which  had  difappeared  came  again  into  view  in  1695:  that  in  the  fame 
conftellation  inftead  of  one  in  the  knee  marked  v  there  are  two  others  come 
more  northerly;  and  that  the  ftar  £  is  grown  much  lefs:  that  the  ftar  placed 
by  Tycho  at  the  end  of  the  chain  of  Andromeda  as  of  the  fourth  magnitude 
was  grown  fo  fmall  that  it  could  fcarcely  be  feen:  that  the  ftar  which  in  c Ty¬ 
cho's  catalogue  is  the  20th  of  the  fillies  is  no  longer  viiible,  except  it  can  be 
imagined  to  have  changed  its  place  and  gone  above  4  degrees  lower,  to-  the' 
place  marked  0  by  Bayer :  thus  CaJJini ,  in  his  elements  d'ajlronomie,  pag%  73, 
but  the  truth  is,  there  is  a  falfe  print  in  Tycho's  catalogue,  where  this  laft 
mentioned  fear  is  fet  down  in  north  latitude  inftead  of  fouth:  Flamjleed  has" 
fet  it  right  in  his  edition:  it  is  very  probable,  fome  other  fuppofed  changes 
in  the  ftars  are,  like  this,  only  miftakes  of  the  tranferiber  or  printer. 

935  In  1672,  Dom,  CaJJini  faw  a  ftar  in  the  neck  of  the  bull  which  he 
thought  was  not  viiible  in  Tycho's  time,  nor  when  Bayer  made  his  figures. 
Halley ,  in  his  catalogue  of  the  fouthern  ftars,  fays,  that  two  ftars  one  in  the 
pattern  the  other  in  the  knee  of  the  left  fore-leg  of  Sagittary,  reckoned  of  the 
2d  magnitude  by  Ptolemy  and  Bayer ,  were  by  him  found  fcarcely  of  the  4th: 
that  a  ftar  fet  down  by  Ptolemy  in  the  left  thigh,  and  another  in  the  bending  of 
the  right  hind-leg  are  now  invifible:  and  that  four  of  the  unformed  ltars 
near  the  fouthern  fifh,  fet  down  by  Ptolemy  of  the  3d  magnitude,  appeared 
to  him  of  the  6th,  or  at  molt  not  above  the  5th.  In  the  year  1679  Flamjleed 
could  not  with  the  naked  eye  lee  the  ftar  (f)  in  aquarkis,  fet  down  by  Pto¬ 
lemy  of  the  5th  magnitude,  and  by  Fycho  and  Bayer  of  the  6th:  and  in  the 
year  1680  the  ftar  (n)  in  virgo  was  in  vain  fought  for  by  him. 

9^6  Many  other  changes  in  the  ftars  have  been  taken  notice  of  by  Maraldi  > 
as  that  the  ftar  *  in  the  left  leg  of  Sagittarius,  marked  by  Bayer  as  of  the  third- 
magnitude,  appeared  but  of  the  6th  in  1671:  in  1676  it  was  found  again  to 
be  of  the  3d  by  Halley,  in  1692  it  could  hardly  be  perceived:  but  in  1693 
and  1 694  it  was  of  the  4th  magnitude.  In  the  fame  conftellation  the  ftar 
in  the  right  arm  reckoned  by  Halley  of  the  3d  magnitude  has  been  obferved 
to  be  grown  much  lefs.  That  in  the  thigh  called  9  had  dilappeared;  Maraldi 
faw  it,  from  1699  to  1709,  of  the  6th  magnitude;  he  found  it  to  be  com- 
pofed  of  two  ftars,  diftant  from  each  other  3.5'  in  latitude a.  The  ftar  9  in: 
the  tail  of  the  ferpent,  counted  by  Tycho  of  the  3d,  was  found  by  Montanari 

a  Thus  die  me  moires ,  and  CaJJini  from  them,  but  it  mult  be  a  midake;  I  fuppofe  it  fliould  be  35  feconds. 
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of  the  5th;  but  grew  bigger  in  the  following  years.  The  ffar  pin  Serpentarius 
did  not  appear  from  the  time  of  its  being  obferved  by  Montanari  to  1695. 
The  ftar  %[/  in  the  lyon,  aftei  dilappearing,  was  feen  by  Montanan  in  1667; 
Maraldi  faw  it  in  16 91,  but  very  fmall.  The  ffar  |  of  the  fime  conftellation, 
marked  by  Tycho  and  Bayer  of  the  3d  magnitude,  was  hardly  vifible  in  1693! 
The  liar  (i)  in  the  breaff  of  the  lyon  of  the  6th  order  was  not  viffble  in  1709; 
but  there  might  be  feen  thereabouts  8  ffars  not  fet  down  in  the  catalogues! 
The  ffai  (6  in  Meduia  s  head  was  found  to  be  of  different  magnitudes  in  dif¬ 
fer  ent  years  by  Mo?2ta?iariy  Maraldi  could  perceive  no  change  In  it  in  1693, 
but  in  1694  it  varied  confiderably,  fo  as  to  be  fonjetimes  of  the  2d  magni¬ 
tude,  at  other  times  of  the  3d  or  4th.  The  ffar  y  in  the  ear  of  the  great  dog 
is  fet  down  by  Tycho  and  Bayer  of  the  3d  magnitude:  it  was  invifible  in  the 
year  1670;  but  in  1692  and  1693  appeared  of  the  4th  magnitude.  Maraldi 
dilcovered  4  new  ftars  in  die  great  dog  which  are  not  in  Bayers  catalogue. 

937  In  1704,  Maraldi  difcovered  a  ffar  in  the  Hydra  to  be  periodical; 
its  pofition  is  in  a  right  line  with  thofe  two  in  the  tail  marked  it  and  7,  at 
the  fame  diffance  fiom  or  eafferly  as  it  is  from-^:  this  ffar  had  been  defcribed 
by  Montanan  in  1670,  but  was  not  vifible  in  april  1702:  Maraldi  faw  it 
for  the  firff  time  in  the  beginning  of  march  1704,  in  the  fame  place  where 
Montanan  had  found  it  34  years  before:  it  appeared  of  the  4th  magnitude, 
and  blighter  than  the  ffar  %[/,  and  continued  nearly  in  the  fame  ffate  till  the 
beginning  of  april:  it  then  gradually  diminifhed  till  the  end  of  may,  when  it 
could  no  longer  be  feen  by  the  naked  eye,  but  was  vifible  through  the  tele- 
fcope  for  a  month  longer:  it  could  not  be  feen  again  till  towards  the  end  of 
november  1705,  when  that  part  of  the  heaven  began  to  get  out  of  the  fun’s 
ra)  s >  ^  was  veiy  faint,  and  grew  lefs  and  lefs  till  the  end  of  february  1706, 
and  could  then  be  fcarce  perceived  even  with  a  telefcope:  it  did  not  appear 
again  till  the  18  of  april  N.S.  1708;  when  it  was  bigger  than  ffars  of  the  6th 
older:  it  was  then  increafing,  fo  as  on  the  1 1  of  may  to  be  equal  to  the  laft 
ffai  but  one  of  the  Hydra:  on  the  16  and  20  it  was  ff ill  bigger;  but  the  3  of 
june,  aiter  being  hid  feveral  days  by  cloudy  weather  and  moon-fhine,  it  was 
fou ik  1  to  be  grown  lefs,  and  continued  decreafing  the  following  days;  by  rea- 
fon  of  the  evening  twilight,  it  could  not  be  feen  without  a  telefcope,  which 
ffie wed  it  equal  in  magnitude  to  the  brighteff  of  the  two  ffars  which  corn- 
pole  the  laff  but  one  of  the  Hydra;  this  makes  it  probable,  that  it  might 
ave  been  feen  fome  time  longer,  if  it  had  not  been  among  the  vapours 
which  are  near  the  horizon:  november  the  23  1709  it  appeared  again  of  the 
fame  magnitude  with  the  laff  ffar  but  one  of  the  Hydra:  in  december  it  was 
equal  to  a  ffar  which  is  near  to  that  laff  mentioned  and  cannot  be  feen  without 
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a  telefcope:  February  the  7  1710  it  could  hardly  be  feen  with  the  telefcope: 
may  the  24  1712  this  ftar  appeared  again  for  the  5th  time;  it  was  a  little 
fmaller  than  the  laft  but  one  of  the  Hydra:  june  the  9  it  was  equal  to  an  un¬ 
formed  ftar  near  it,  and  could  be  feen  in  moon-fhine:  june  16  it  was  lefs,  and 
afterwards  difappeared.  This  ftar  was  feen  by  Hevelius  in  1662  of  the  5th 
magnitude:  it  l'eems  to  be  a  periodical Jlar ,  like  thofe  in  the  whale  and  the 
fwan :  Maraldi ,  after  comparing  the  feveral  obfervations  which  had  been 
made  of  it,  judged  the  time  between  its  appearing  with  its  greateft  luftre,  or 
equal  to  a  ftar  of  the  4th  magnitude,  and  its  return  to  the  fame  phafe  again 
to  be  about  2  years;  though  with  conliderable  variations:  as  is  likewife  the 
cafe  of  the  periodical  ftars  of  the  fwan  and  the  whale,  which  are  liable  to 
variations  in  their  periods. 

938  Befides  thefe,  in  the  memoir es  for  the  year  1709,  Maraldi  fays  he 
has  obferved  other  changes  in  the  ftars;  of  which  thefe  four  are  the  rnoft 
conliderable:  i,of  two  ftars  let  down  by  Bayer  under  the  fouthern  hand  of  vir- 
go  one  of  the  6th  magnitude  the  other  of  the  5th,  the  laft  is  ftill  to  be  ieen 
of  the  fame  magnitude;  but  that  of  the  6th,  which  was  a  degree  more  fouth,. 
could  not  be  feen  with  the  telefcope.  2,  Ricciolus  fets  down  a  ftar  of  the  6th 
magnitude  in  the  northern  thigh  of  virgo  which  Bayer  has  omitted,  and  is 
not  now  to  be  feen.  3,  A  ftar  of  the  6th  magnitude  fet  down  by  Bayer  in  the 
weftern  fcale,  in  120  26  of  in.  with  30  north  latitude,  is  invifible.  4,  In  1666, 
Hevelius  fays  he  could  not  find  a  ftar  of  the  4th  magnitude  in  the  eaftern 
fcale  of  libra,  taken  notice  of  by  Tycho  and  Bayer ,  but  Maraldi  in  1709  fays- 
he  had  feen  it  for  near  15  years  laft  paft,  fmaller  than  Tycho  and  Bayer  had 
found  it,  but  brighter  than  fome  other  ftars  near  it  fet  down  by  Hevelius.  A 
ftar  of  the  4th  magnitude  firft  difcovered  by  Dom.  Cajjmi  near  the  conftella- 
tion  of  the  hare  appeared  in  the  fame  ftate  in  1709. 

939  Gregory ,  in  his  aftronomy,  book  2  prop.  30,-  fays  that  ‘Some  ftars 
cof  the  6th,  5th  and  4th  magnitude  fet  down  in  the  ancient  catalogues  and 
‘obferved  by  Tycho ,  are  now  quite  vanifhed;  we  have  feveral  inftances  of 
‘this  in  the  catalogue  of  Hevelius:  he  mentions  four  in  his  prodr omus  ajho- 
‘ nomicus'j  as  one  in  the  left  thigh  of  Aquarius,  the  firft  ol  the  two  adjoyn- 
‘ing  ftars  in  the  tail  of  Capricorn,  the  fecond  of  the  belly  of  the  whale,  and 
‘the  firft  of  the  unformed  ftars  behind  the  fcales  of  libra.  The  French  aftio- 
‘nomers  have  made  farther  obfervations  of  thefe  ftars.  d  here  ha\e  been  alio 
‘remarkable  changes  in  the  brightnefs  of  lome  ftars  ol  the  firft  2d  and  3d  or- 
‘der,  as  appears  by  the  difference  amongft  authors  in  afligning  bien  magni¬ 
tude.  ’  To  name  no  more,  a  notable  change  has  happened  to  a  ftar  in 
the  great  bear  marked  dby  Bayer y  within  thefe  few  years;,  it  k  now  icarce 
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of  the  3d  magnitude,  whereas  it  is  fet  down  by  Tycho  and  Bayer  as  of  the 
fee  on  d. 

940  Cloudy  fears  are  fmall  luminous  fpots  in  the  heaven,  fome  of  which 
appear  to  the  naked  eye  J  ike  dim  fiars  furrounded  by  an  hazy  light;  others 
like  little  whitifh  clouds,  pretty  much  refembling  the  milky  way  in  bright- 
nefs  and  colour.  Ptolemy  Ce ts  down  five  cloudy  fiars:  1,  one  at  the  extremity 
of  the  right  hand  of  Perfeus:  2,  one  in  the  middle  of  the  crab,  called  prafepe  or 
the  manger:  3,  one  unformed,  near  the  fling  of  the  fcorpion:  4,  the  eye*  of  Sa- 
gittary,  which  he  calls  cloudy  and  double :  5,  one  in  the  head  of  Orion.  The  firft 
of  thefe,  that  in  the  hand  of  Perfeus,  appears  through  the  telefcope  fo  thick 
fet  with  fiars,  that  I  believe  the  like  is  hardly  to  be  found  in  any  other  part  of 
the  heaven:  Galileo a  counted  21  fiars  in  that  in  the  head  of  Orion;  and  above 
40  in  the  prafepe:  in  the  eye  of  Sagittary  two  fiars  may  be  feen  in  a  clear  fky 
by  the  naked  eye,  the  telefcope  fhews  feveral  more.  Fla?nfeeed  takes  notice  of 
a  cloudy  fiar  before  the  bow  of  Sagittary,  which  confifis  of  a  great  number 
of  fmall  fiars:  and  that  the  fiar  (d)  above  the  right  fhoulder  of  Sagittary  is 
encompafied  with  fmall  fiars  after  the  manner  of  a  cloudy  fiar.  Dorn.  CaJJini 
difeovered  a  little  patch  between  the  great  and  little  dog,  which  he  fays  is 
\ery  full  of  fiars;  the  fame  was  obferved  alfo  by  Flamflecd.  The  two  whi- 
tifli  fpots  near  the  louth  pole  called  the  Magellanic  clouds ,  which  feen  by  the 
bare  eye  exa&ly  refemble  the  milky-way,  viewed  by  Halley  through  a  tele¬ 
fcope  appeared  to  be  a  mixture  of  fmall  clouds  and  fmall  fiars. 

94 1  There  are  alfo  in  the  heaven  little  whitifh  fpots ,  which  through 
0111  befi  glalles  appear  magnified  and  more  luminous,  but  without  any  fiars: 
of  this  lort  is  a  fpot  near  the  moll  northern  fiar  in  the  girdle  of  Andro¬ 
meda,  firfi  taken  notice  of  in  1612  by  Simon  Marius ;  it  appeared  to  his  na¬ 
ked  eye  like  a  little  cloud,  but  through  the  telefcope  he  faw  white  rays  which 
were  brightefi  near  the  center  of  the  Ipot:  its  diameter  was  about  a  quarter 
of  a  degree.  Bulhaldus  obferved  it  in  1664,  and  judged  it  liable  to  fuch  chan¬ 
ges  as  to  be  fometimes  invifible:  it  is  remarked  in  confirmation  of  this  opi¬ 
nion,  that  it  was  reprefen  ted  in  fome  figures  of  the  conftellations  drawn  a- 
boi  .  tne  year  1500,  but  is  not  fet  down  either  by  Tycho  or  Bayer ;  that  it 
was  feen  in  1612,  but  from  that  time  till  1664  it  was  not  taken  notice  of  by 
any  afironomer;  and  that  in  the  year  1667  it  was  lefs  bright  than  the  year 
before:  ever  fince  the  year  lafi  mentioned  it  has  been  conftantly  vifible,  and 
is  fo  this  prefent  year  1741  to  the  naked  eye;  but  is  now  not  near  fo  much 
as  a  quarter  a  of  degree  in  diameter.  — Another  cloudy  fpot  is  near  the  eel  ip— 
’’c,  between  the  head  an.d  bow  of  Sagittary,  not  far  from  the  point  of  the 

a  in  nuncio  fydereo. 
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winter  folEice:  it  is  fmall  but  very  luminous. — A  third  is  upon  the  back  of 
the  centaur,  marked  a  by  Bayer :  but  cannot  be  feen  in  England. — A  fourth 
is  a  fmall  obfcure  fpot,  but  there  is  a  liar  fhines  through  it,  which  makes  it 
more  bright:  it  precedes  the  right  foot  of  Antinous,  it  was  difcovered  by 
Kir chius ,  who  could  not  fee  it  with  the  bare  eye,  but  faw  it  with  a  tetefcope 
of  4  feet.  — A  fifth  is  in  the  conllellation  of  Hercules,  nearly  in  a  right  line 
between  the  Ears  £  and  >?,  fomewhat  nearer  £  than  »j:  it  is  but  a  little  fpot, 
but  vifible  to  the  bare  eye  when  the  Iky  is  clear  and  the  moon  abfent. 

942  But  of  all  the  cloudy  liars  hitherto  taken  notice  of  none  is  fo  remark¬ 
able  as  that  defcribed  by  Hagens  in  words  to  this  effect ‘Looking  accidentally 
‘in  the  year  1656  through  a  telefcope  at  the  middle  Ear  in  Orion’s  fword,  I 
‘faw  twelve  Ears  inEead  of  one,  which  was  no  new  thing;  their  pofition  was 
‘fuch  as  is  Ihewn  in  the  figure  annexed:  feven  of  tliefe  Ears,  of  which  three 
‘are  very  clofe  together,  feemed  to  Ihine  through  a  cloud,  fo  that  a  fpace 
‘round  them  of  the  Eiape  reprefented  in  the  figure  appeared  much  brighter 
‘than  any  other  part  of  the  heaven;  which,  being  very  ferene  and  very  black, 
‘looked  here  as  if  there  were  an  opening  through  which  one  had  a  profpedl 
‘into  a  brighter  region:  I  have  fince  often  viewed  this  wonderful  appearance, 
‘which  continues  the  fame  without  any  change  of  place  or  Eiape  to  this  time, 
<(  1659)  This  phenomenon,  which  was  obferved  by  Hugens  with  an  excel¬ 
lent  telefcope  of  23  feet,  I  have  often  viewed  with  one  of  17  feet,  through 
which  I  could  fee  very  well  all  the  12  Ears  mentioned  by  him:  fee  what  is 
faid  §  887;  to  which  I  fhall  only  add,  that  the  luminous  fpace  has  fometimes 
appeared  to  me  nearly  of  the  fame  lhape  with  the  figure  which  is  formed  by 
the  feven  Ears  within  it. 

There  are  undoubtedly  more  of  thefe  fpots,  which  have  not  yet  been  ta¬ 
ken  notice  of:  Cajini  is  of  opinion,  that  the  brightnefs  of  them  proceeds  from 
Ears  fo  minute  as  not  to  be  diEinguilhed  by  the  beE  glades b;  others  more 
probably  think  they  are  great  fpaces  in  the  ether  through  which  a  lucid  me¬ 
dium  is  diffufed:  they  appear  indeed  fmall  to  us,  moE  of  them  but  of  few 
minutes  in  diameter;  yet  fince  they  are  among  the  fixt  Ears,  that  is,  fince 
they  have  no  annual  parallax,  they  cannot  fail  to  occupy  fpaces  immenfely 
great,  and  perhaps  not  lefs  than  our  whole  folar  fyEem:  in  all  thefe  lo  vad 
fpaces  it  fhould  feem,  that  there  is  a  perpetual  uninterrupted  day,  which  may 
furnifh  matter  of  fpeculation,  as  well  to  the  curious  naturaliE,  as  to  the  a- 


Eronomerc.  .  ,  , 

943  I  have  here  given  as  full  an  account  as  I  could  of  changeable  and 

cloudy  Ears,  from  feveral  writers;  by  comparing  ot  all  which  togethei,  1 
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have  corrected  the  midakes  that  fome  of  them  had  fallen  into:  I  have  fome- 
times  quoted  my  author,  but  have  not  done  it  in  every  indance,  to  avoid 
being  tedious:  for  the  red,  thefe  that  follow  may  be  confulted;  Tychonis 
progymnajmata :  Keplerus  de  nova  Jiella  in  pede  Serpent  am :  Ricciol.  almag. 
1.  8.  §  2.  c.  i.  Hevelii  hijioria  mirce  ft  elite:  ejufdem  cometographiai  pag .  374 
et  fequ .  &  400.:  Cadini  elements  d' aftronomie  l.  1.  c.  6  &  7:  Phil,  tranf.  abr. 
vo).  i:  Aft  a  eruditor.  Lip  ft  to  ann.  1688:  Flamdeedii  hijioria  ccelefiis  vol  1: 
Halleii  catalogus  ft  ellarum  auftralium  :  Me  moires  de  l' Acad.  R.  des  Jciences 
ann.  1706  &  1709. 

944  When  the  new  dars  were  fird  obferved,  the  Arijlotdians ,  who  held 
that  the  heavens  and  heavenly  bodies  were  not  fubje<ft  to  any  change,  would 
have  it  that  they  were  only  meteors  generated  in  our  atmofphere,  and  raided 
up  to  a  great  height  therein  a:  but  their  having  no  lenfible  parallax  was  an  e- 
vident  demondration  to  the  contrary,  and  fhewed  that  they  were  far  above 
the  moon:  and  their  agreeing  with  the  dars  in  fome  other  particulars  as  well 
as  in  their  great  didance  from  the  earth,  has  induced  the  generality  of  phi- 
lofophers  to  think  they  are  of  a  fimilar  nature. 

945  How  the  changes  in  thofe  dars  that  are  periodical  may  be  effe<ded, 
has  been  in  fome  meafure  fhewn,  §  928  and  929.  Maupertuis b  has  another 
folution  of  thefe  appearances,  which  is  to  this  ejfetd:  1,  he  luppofes  many 
of  the  dars,  like  the  fun,  to  have  a  rotation  round  their  own  axes:  2,  that 
this  rotation  caufes  them  to  deviate  from  an  exadt  globular  iliape  into  that  of 
an  oblate  fpheroid,  or  globe  flatted:  3,  that  there  may  be  inflnite  variety  in 
the  degrees  of  this  flatnefs,  fo  that  fome  may  be  quite  thin  and  flat  like  a 
round  trencher:  4,  that  a  dar  of  this  fhape  may  have  a  large  planet  going 
round  it,  in  a  plane  different  from  that  of  the  dars  equator :  in  this  cafe, 
the  planet  would  be  twice  in  every  revolution  round  the  dar  in  the  plane  of 
the  Aar’s  equator  continued,  at  which  times  it  would  caufe  no  change  in  the 
dtuation  of  that  plane ;  but  at  all  other  times  it  would,  by  its  attra&ion, 
change  more  or  lefs  the  fituation  of  the  plane  of  the  dar’s  equator,  and  mod 
of  all  at  the  two  feafons  when  it  is  farthed  out  of  the  plane  continued:  by 
this  change,  he  luppofes  that  luch  a  flat  dar  as  at  fome  times  cannot  be  feen 
by  us,  when  only  its  thin  edge  is  turned  towards  our  earth,  may  at  other 
times,  by  turning  a  good  deal  of  its  flat  fide  towards  us,  become  vilible.  ATc- 

a  B ulhaldus  gives  us  a  pleafant  inftance  of  the  philofophical  bigotry  of  a  Florentine  Phyfician,  who 
would  not  be  prevailed  upon  to  look  at  any  of  the  heavenly  bodies  through  a  telefcope  himfelf,  for  fear  of 
feeing  fomething  which  fhould  oblige  him  to  dei'ert  fome  of  Ariflot* e's  opinions:  and  as  for  any  difcoveries 
made  by  glades,  which  ethers  told  him  of,  he  would  have  no  regard  at  ail  to  to  them,  apud  Hevelium 
in  lometograph.  p.  329.  b  Difcours  fur  les  diffeuntes  fgures  des  afhes.  -v.  hijioive  de  1'Ai.ad.  R.  des 

fuem.es  ann.  1  732.  &  aft  a  erndiior.  mcnj.s  julii  1733. 
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velim  is  of  opinion,  i,  that  the  fun  and  liars  are  furrounded  with  atmofpheres: 
2,  that,  whirling  round  their  axes  with  great  rapidity,  they  throw  off  great 
quantities  of  matter  into  thole  atmofpheres,  and  thereby  caufe  great  changes 
therein:  3,  and  that  thus  it  may  come  to  pafs,  that  a  liar,  which  when  its 
atmofphere  is  clear  fhines  out  with  great  luflre,  may  at  another  time,  when 
it  is  full  of  clouds  and  thick  vapours,  appear  greatly  diminifhed  in  bright- 
nefs  and  magnitude,  or  even  become  quite  inviliblea. 

946  As  for  fuch  liars  as,  after  having  been  for  many  years  invilible,  break 
out  fuddenly  into  Ihining  all  at  once,  like  thole  in  Caffiepea  and  Serpentari- 
us,  it  has  been  thought  that,  as  the  lun  may  have  now  and  then  a  comet  tall 
into  it,  in  the  manner  defcribed  §  909;  the  fame  may  alfo  happen  to  any  of 
the  liars  which  like  the  fun  have  planets  and  comets  revolving  round  them: 
and  then  a  liar  which  had  for  a  long  time  been  fo  covered  over  with  lpots  as 
not  to  be  vifible  to  us  may,  when  a  comet  falls  into  it,  be  made  to  blaze  out 
fuddenly,  by  the  accefs  of  that  new  fuel;  and  may  for  a  while  continue  to 
Ihine  with  great  luftre;  till,  by  the  fpots  returning  and  covering  its  lurface,  it 
appears  gradually  to  diminilh  in  brightnefs  and  magnitude,  and  at  laR  be¬ 
comes  again  quite  invilible.  Fontinelle ,  upon  mentioning  changeable  liars,  has 
this  reflection  b;  ‘The  fixt  liars  being  fo  many  funs,  it  is  very  poflible  that 
‘among  the  infinite  number  of  them  there  may  be  fome  half-funs* our  lun 
‘has  often  fpots  upon  his  furface,  which,  if  they  were  permanent  and  more 
‘extenfive,  would  reduce  him  to  an  half-fun:  if  all  the  funs  are  furrounded 
‘with  planets  inhabited,  it  is  eafy  to  imagine  what  a  fright  the  inhabitants 
‘mull  be  in,  when  they  loofe  fight  of  their  fun  for  a  confiderable  time;  or  ra¬ 
ther  with  what  calmnefs  they  behold  a  fight  which  is  familiar  to  them  but 
‘would  be  dreadful  to  us.  The  liars  which  appear  and  dilappear  without  any 
‘regular  periods  may  be  funs  that  are  fometimes  covered  with  very  large 
‘fpots,  from  which  at  other  times  they  are  perfectly  free:  the  changes  in  the 
‘fpots* upon  the  fun  give  us  room  to  think  there  may  be  great  variety  of  ca- 
‘fes  in  this  affair:’  but  whatever  be  the  cafe  of  periodical  ftars,  which  may 
have  planets  inhabited  by  creatures  fitted  for  luch  vilfitudes  of  light  and  dark- 
nefs  as  are  allotted  to  them,  I  do  not  think  it  probable  that  a  liar  wnich  lor 
a  whole  century  does  not  call  light  enough  to  be  leen  by  us  Ihould  be  ap¬ 
pointed  to  do  the  office  of  a  fun,  or  have  any  planetary  worlds  to  be  enlight- 
ned  and  cherilhed  by  it:  what  other  ends  it  may  be  made  lor,  it  may  be  in 
vain  for  us  to  conjecture:  in  the  works  of  creation,  as  well  as  in  the  ways  ol 
providence,  the  defigns  of  infinite  wildom,  and  the  methods  by  which  infi¬ 
nite  power  brings  about  thole  defigns  are  often  to  man  unfearchable. 

a  Hevelii  tometograpb.  p.  380.  b  hifioire  de  I'acaJ.  am.  1706. 
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Since  the  fixteenth  chapter  of  the  fecond  book  was  printed  off.  wherein 
is  (hewn,  that  there  is  great  probability  of  the  obliquity  of  the  ecliptic  con¬ 
tinually  decreafing,  two  books  have  come  to  hand  which  have  confirmed  me 
in  that  opinion;  one  of  them  is  de  Bononienfi  fcienti arum  et  artium  inftituto 
atque  Academia  comment arii,  Bononire  1731:  together  with  Academicorum 
qnorundam  opufcula  varia ,  in  4 to:  in  page  258,  there  is  an  account  of  a  re¬ 
view  of  the  meridian  line  at  Bologna  mentioned  §  423,  by  Euftachio  Manfre - 
di:  that  line,  which  is  drawn  upon  brafs  plates  inlaid  into  the  pavement,  was 
found  by  him  to  have  continued  exadtly  in  the  plane  of  the  meridian,  but,  as 
to  its  horizontal  fituation,  it  was  rifen  up  too  high  in  fome  places,  and  worn 
down  too  low  in  others,  by  peoples  walking  over  it:  in  order  to  make  al¬ 
lowances  for  this  change,  Manfredi  made  a  table,  by  which  he  corrected  his 
obfervations:  after  thefe  corrections,  the  height  of  the  pole  there  came  out 
440  29  and  20"  or  25",  the  fame  as  Ricciolus  and  Cajjini  had  formerly  fettled 
it;  but  he  found  the  angle  between  the  equator  and  ecliptic  about  30"  lefs 
than  Cajjini  had  obferved  it,  at  the  time  of  his  firft  drawing  that  line,  which 
was  between  60  and  70  years  before:  he  recommends  drawing  a  meridian 
line  upon  an  upright  wall,  in  order  to  avoid  the  alterations  one  made  upon  a 
pavement  is  fubjedt  to,  by  its  being  trodden  upon.  The  treatife  of  Manfredi 
upon  this  fubjedt,  read  at  the  Academy  in  the  year  1722,  is  among  the  opuf- 
cula,  page  596.  The  other  book  is  Elements  d' aflrojiomie,  par  Mr.  Cajfini , 
Baris  1740,  wherein  /.  2.  chap.  3.  that  author  fays,  that,  comparing  together 
a  great  number  of  obfervations  made  in  the  R.  Obfervatory  for  66  years  paff, 
the  obliquity  of  the  ecliptic  is  found  to  have  decreafed  about  30"  in  that  fpace 
of  time.  He  mentions  the  obfervations  of  the  ancients,  and  gives  a  table  of 
the  obliquity  according  to  feveral  authors,  both  as  they  obferved  it,  and  as  it 
would  have  come  out  according  to  a  regular  annual  decreafe:  I  have  occafion 
to  add  nothing  from  him  to  my  table  given  pag.  281,  except  that  the  obli¬ 
quity  was  obferved  by  Richer  in  the  year  1672  to  be  230  28'  54",  and  at  the 
R.  Obfervatory  1738,  230  28"  20".  He  does  not  fay  by  whom  this  laft  obfer- 
vation  was  made;  the  numbers  are  the  fame  as  thofe  0 f  Godin  in  1730. 
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Definition  of  aftronomy,  pag.  i. 
of  quantity,  2.  magnitude,  ib. 

A  line,  — ftrait,  curve,  infinite,  2. 

A  point,  2.  a  line  how  defcribed,  3. 

A  furface,  —  plane,  curve,  convex,  concave,  3 : 
how  defcribed,  ib. 

A  figure,  3.  the  area  of  a  figure,  ib. 

An  angle,  — rectilinear,  curvilinear,  mixt  4 : 
legs  of  an  angle,  vertex,  angular  point,  ib. 
quantity  of  an  angle,  ib.  right  angle:  perpen¬ 
dicular  lines,  ib.  oblique  angles,  acute,  ob- 
tufe,  ib. 

A  circle,  4;  circumference,  center,  diameter, 
radius,  ib.  area,  5  ;  arc,  chord,  tangent,  ib. 
divifion  into  degrees,  minutes,  feconds  &c,  ib „ 

To  meafure  an  angle,  5.  how  an  arc  in  the  hea¬ 
ven  is  meafured,  6.  axioms,  ib.  confequent 
angles,  7.  a  circle  meafures  4  right  angles: 
a  quadrant  or  quarter  of  a  circle,  ib.  vertical 
angles  equal,  8.  parallel  lines,  ib.  alternate 
angles  equal,  ib. 

The  converfe  of  a  propofition  what,  8. 

A  plane  triangle,  —  right-angled,  obtufe-angled, 
acute-angled,  9.  the  three  angles  of  a  triangle 
equal  to  two  right  angles,  ib. 

Quadri lateral  figures ;  trapezium,  parallelogram, 
fquare,  reCfangle,  &c.  10.  generation  of  a 
parallelogram,  ib.  menfuration  of  all  kinds  of 
plane  figures,  11.  a  diagonal,  12. 

To  find  the  area  of  a  triangle,  12. 

A  polygon,  12  :  area  of  a  polygon,  ib.  —  of  any 
irregular  plane  figure,  ib. 

Of  fquaring  the  circle,  12. 

A  plane  number,  14.  a  fquare  number,  fquare 
root,  ib. 

Aliquot  part,  aliquant  part,  15. 

Quantities  commenfurable  or  rational,  15  ;  in- 
co/nmenfurable,  irrational  or  furd,  ib. 
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Ratio,  — of  equality,  of  inequality,  duple,  tri¬ 
ple,  &c  15.  fubduple,  lubtriple,  &c  16. 
Proportion,  —  direCt,  reciprocal,  16  :  a  mean 
proportional,  ib. 

A  power,  fquare,  cube,  &c.  17.  firft  power 
or  root,  ib.  duplicate  ratio,  triplicate,  fefqui- 
plicate,  ib.  examples  of  proportion,  ib. 
f  Propofitions  ufeful  in  making  tables  of  lines,  20. 
Complement  of  an  arc,  21.  fupplement  of  an 
arc,  ib.  chord  of  an  arc,  ib.  right  fine,  whole 
fine,  verfed  fine,  fine  of  the  complement,  22. 
tangent  of  an  arc,  ib.  fecant  of  an  arc,  23. 
.cofine,  cotangent,  cofecant,  ib. 

A  fpecimen  of  the  table  of  fines,  24,  25 :  direc¬ 
tions  for  ufing  it,  26. 

■f  Method  of  making  a  table  of  fines,  & c,  27. 
An  ufeful  propofition  in  trigonometry,  30:  ex¬ 
amples  of  its  ufe,  31. 

|  Logarithms,  34. 

A  line  perpendicular  to  a  plane,  34.  -r- inclined 
to  a  plane,  35.  —  parallel  to  a  plane,  ib. 

A  point  in  a  plane  produced,  35.— elevated  above 
a  plane,  ib. 

Planes  parallel,  perpendicular,  inclined,  35. 

common  fedtion  of  two  planes,  ib. 

Circles  parallel,  inclined,  perpendicular,  36,. 

A  folid  or  folid  figure,  36. 

A  fphere  or  globe,  37.  fphere  of  the  heaven, 
circles  of  the  fphere,  ib.  formation  of  a  fpheie, 
ib.  diameter,  radius,  great  circle,  leis  cir¬ 
cle,  ib.  a  tangent  to  a  fphere,  ib.  perpendi¬ 
cular  to  a  fphere,  38.  a  fpherical  triangle,  ib. 
Terreftrial  globe,  38.  celeffial  globe,  ib.  artifi¬ 
cial  fphere,  ib. 

Rotation  of  a  fphere:  axis,  poles,  38.  ftetion  of 
a  fphere,  ib.  hennfphere,  39.  fegment  of  a 
fphere,  ib. 

A  pyramid,  39.  its  vertex,  bafe,  ib. 

A  cone,  39.  its  vertex,  bafe,  axis,  fides,  ib. 
j-iffht  cone,  oblique  cone,  ib.  innilar  cones,40. 
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a  conic  fection;  a  circle,  cllipfis,  parabola, 

hyperbola,  ib. 

A  cylinder,  41  :  bafe  of  a  cylinder,  axis,  fide, 
ib.  right  cylinder,  oblique  cylinder,  ib. 

A  cube,  how  formed,  41  :  how  meafurcd,  ib.- 
a  cube  number,  42. 

Fo  find  the  fuperficial  or  folid  content  of  a 
globe,  42. 

Light  what,  43  :  contemporary,  fuccelfive,  ib* 
a  ray  of  light,  ib. 

A  medium,  43.  a  lens,  ib.  fedtion  of  a  lens,  ib. 

axis  of  a  lens,  ib. 

Refraction,  44  :  laws  of  it,  ib.  rays  different¬ 
ly  refrangible,  and  reflexible,  46. 

Primary  colours,  46.  homogeneal  rays,  ib. 
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